| a. - 
g—— TLL 


- 


: d BA s% am 
GPIEPROFESSIONAL = 
Apchemerigónline.com — 


-—— 


"o d : 


A S 
i s s je 
"As. 
£ Sa 


Column Internals 
Cake Filtration 


High-Cycle 
Valves in RTOs 


Motors and Drives 


Intelligence 


d ` 

. [Access 
> 
= 


" | 


CH 


HEMICAL 


C 
2 ENGINEERING 


ESSENTIALS FOR THE CPI PROFESSIONAL www.chemengonline.com 


December 2021 Volume 128 | no. 12 


26 


34 


11 


13 


24 


25 


37 


40 


Cover Story 


Part1 Unlocking Hydraulic Limits in a Revamp 
Follow the practical tips discussed here to accelarate hydraulic revamp 
projects and increase the success rate 


Part 2 Revamps and Retrofits: A Path 
to ‘Evergreen’ Facilities 

An intelligent approach to developing the scope of retrofit 
projects can allow facilities to remain competitive in the 
marketplace and meet regulatory requirements 


In the News 


Chementator 

Structured catalyst improves efficiency and Ho yields in 
SMR; Zero-liquid-discharge project to recover products 
from brine; New catalyst technology for MeOH synthesis 
boosts production and extends lifetimes; Waste-based 
ceramics improve energy storage economics; and more 


Business News 
Chemours to open new HFO plant in Arkansas; ALPLA starts up HDPE 26 
recycling plant in Mexico; Albemarle to build two new lithium-conversion plants 
in China; ADM and Gevo join forces to produce renewable fuels in the U.S.; 
Lanxess to sell High Performance Materials business; and more 


Newsfront Taking a Holistic Approach to Column 
Internals Combining new and improved high-performance column 
internals and a whole-system view provides a comprehensive solution 
with more benefits 


Technical and Practical 


Facts at your Fingertips Cake Filtration Basics 
This one-page reference provides information on the basic operation and 
mechanism of cake filtration processes 


Technology Profile Production of Citric Acid 
This one-page summary describes the industrial process for generating citric 
acid via fermentation of corn sugar 


Feature Report Part 1 Gear Pump Basics 
The versatile nature of gear-pump technology allows operators to handle 
multiple fluids in multiple applications 


Feature Report Part 2 Pump Seals to Manage 
Water Paying attention to the seal design used in centrifugal pumps can 
help in water management. This article uses the beverage industry to illustrate 
this point 


EMICAL ENGINEERING | WWW.CHEMENGONLINE.COM DECEMBER 2021 


Cover design: 
Tara Bekman 


42 Environmental Manager Critical Components in 
Regenerative Thermal Oxidizers: High-Cycle Valves 
When designing a regenerative thermal oxidizer, engineers should not overlook 
the high-cycle valves that control process air and help maintain efficiency 


Equipment and Services 


Focus Motors and Drives 

A new coupling increases performance of predecessor; Users can operate this 
speed starter intuitively; These motors now have integrated ProfiNet interface; 
New coating enables boost in efficiency of electric motors; and more 


Applied Technologies Leveraging Time-Series 

Data to Empower Process Experts Using new analytics 
technologies to address process challenges and improve production makes 
good business sense 


New Products 

Digitize weighing processes with this balance software; Bringing artificial 
intelligence to asset-performance management; Web-based platform 
streamlines molecule discovery chemistry; and more 


Departments 


Editor's Page Climate change on the world stage 
As world leaders work on policies to reduce greenhouse gas emissions, 
technology advances toward making those goals a reality 


Economic Indicators 


Advertisers 
45 Hot Products 
46 2022 Chemical Engineering Buyer’s Guide 
109 Classified Ads 
110 Subscription and Sales Representative Information 
111 Ad Index 


Chemical Connections 


Follow @ChemEngMag on Twitter 


Join the Chemical Engineering Magazine 
LinkedIn Group 


Visit us on www.chemengonline.com for more 
articles, Latest News, New Products, Webinars, Test 
your Knowledge Quizzes, Bookshelf and more 


Ej € 


C 


ur 


For content related to COVID-19 and the CPI, visit 
www.chemengonline.com/covid-19/ 


Coming in January 


Look for: Feature Reports on Data Utilization; and Process Safety; A Focus 
on Valves; A Facts at your Fingertips on Packaging; a Newsfront on 
Kirkpatrick Award Honorees; New Products; and much more 


CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM DECEMBER 2021 


CHEMICAL. 


2 ENGINEERING 


ESSENTIALS FOR THE CPI PROFESSIONAL 


EDITORS 


DOROTHY LOZOWSKI 
Editorial Director 
dlozowski@chemengonline.com 


GERALD ONDREY (FRANKFURT) 
Senior Editor 
gondrey@chemengonline.com 


SCOTT JENKINS 
Senior Editor 
sjenkins@chemengonline.com 


MARY PAGE BAILEY 
Senior Associate Editor 
mbailey@chemengonline.com 


GROUP PUBLISHER 


MATTHEW GRANT 

Vice President and Group Publisher, 
Energy & Engineering Group 
mattg@powermag.com 


AUDIENCE 
DEVELOPMENT 


JOHN ROCKWELL 
Managing Director, Events & Marketing 
jrockwell@accessintel.com 


JENNIFER McPHAIL 
Marketing Manager 
jmcphail@accessintel.com 


GEORGE SEVERINE 
Fulfillment Manager 
gseverine@accessintel.com 


DANIELLE ZABORSKI 
List Sales: Merit Direct, (914) 368-1090 
dzaborski@meritdirect.com 


ART & DESIGN 
TARA BEKMAN 


Graphic Designer 
tzaino@accessintel.com 


PRODUCTION 


GEORGE SEVERINE 
Production Manager 
gseverine@accessintel.com 


INFORMATION 
SERVICES 


CHARLES SANDS 


Director of Digital Development 
csands@accessintel.com 


CONTRIBUTING EDITORS 


SUZANNE A. SHELLEY 
sshelley@chemengonline.com 


PAUL S. GRAD (AUSTRALIA) 
pgrad@chemengonline.com 


TETSUO SATOH (JAPAN) 
tsatoh@chemengonline.com 


JOY LEPREE (NEW JERSEY) 
jlepree@chemengonline.com 


EDITORIAL ADVISORY BOARD 


JOHN CARSON 
Jenike & Johanson, Inc. 


DAVID DICKEY 
MixTech, Inc. 


HEADQUARTERS 


JOHN HOLLMANN 
Validation Estimating LLC 


HENRY KISTER 
Fluor Corp. 


40 Wall Street, 16th floor, New York, NY 10005, U.S. 


Tel: 212-621-4900 
Fax: 212-621-4694 


EUROPEAN EDITORIAL OFFICES 
Zeilweg 44, D-60439 Frankfurt am Main, Germany 


Tel: 49-69-9573-8296 
Fax: 49-69-5700-2484 


CIRCULATION REQUESTS: 


Tel: 800-777-5006 
Fax: 301-309-3847 


Chemical Engineering, 9211 Corporate Blvd., 


4th Floor, Rockville, MD 20850 
email: clientservices@accessintel.com 


ADVERTISING REQUESTS: SEE P. 110 


CONTENT LICENSING 


Forall content licensing, permissions, reprints, or e-prints, please contact 
Wright's Media at accessintel@wrightsmedia.com or call (877) 652-5295 


ACCESS INTELLIGENCE, LLC 


DON PAZOUR 
Chief Executive Officer 


HEATHER FARLEY 
Chief Operating Officer 


JOHN B. SUTTON 
Executive Vice President 
& Chief Financial Officer 


MACY L. FECTO 
Chief People Officer 


JENNIFER SCHWARTZ 
Senior Vice President & Group Publisher 
Aerospace, Energy, Healthcare 


ROB PACIOREK 
Senior Vice President, 
Chief Information Officer 


4 


JONATHAN RAY 
Vice President, Digital 


MICHAEL KRAUS 
Vice President, 
Production, Digital Media & Design 


TINA GARRITY 
Senior Director, Financial Planning 
& Analysis 


DANIEL J. MEYER 
Corporate Controller 


Access 
N Intelligence 
9211 Corporate Blvd., 4th Floor 


Rockville, MD 20850-3240 
www.accessintel.com 


V VERIFIED 


Editors Page 


Climate change on the world stage 


t the time of this writing, COP26 is underway in Glasgow, 

Scotland. COP26 is the 26th Conference of the Parties to the 

United Nations Framework Convention on Climate Change. 

Since the start of the first COP in 1995, climate change has 
evolved into a more urgent global priority. In 2015, a milestone was 
reached at COP21 when over 190 countries adopted the Paris Agree- 
ment and committed to lower greenhouse gas emissions in order to 
limit the rise in global temperatures to less than 2?C (with a target 
of 1.5°C), above pre-industrial temperatures. At that time, countries 
agreed to update their plans every five years — which, due to a pan- 
demic delay, is this year. 

And while progress has been made, according to the organizers of 
COP26, the world is currently not on track to meet the goals of the 
Paris Agreement, and much more must be done to avoid the contin- 
ued escalation of catastrophic weather events. 


Greenhouse gases 

Greenhouse gases (GHG) are so-named because they trap heat in 
the earth's atmosphere. Of the four most-concerning ones — carbon 
dioxide, methane, nitrous oxide and fluorinated gases — focus has 
been given to reducing CO» and CH4. According to the U.S. Environ- 
mental Protection Agency (EPA; www.epa.gov), CO» accounted for 
about 8096 of all anthropogenic U.S. GHG emissions in 2019. 

And while CH4 emissions accounted for only 1096 of those emis- 
sions, methane is more efficient at trapping radiation and is estimated 
to have about a 25 times higher impact than CO» on a weight basis 
over a 100-yr period. The Global Methane Pledge, first proposed in 
September and strengthened by an announcement of a global part- 
nership at COP26, aims to reduce CH4 emissions by 30% from 2020 
levels by 2030. Over 100 countries have signed the pledge. 


Technology advances 
The chemical process industries (CPI) have been increasingly commit- 
ted to ambitious climate-change goals. And with policies supporting 
Such goals, more opportunities for technological advances are ex- 
pected. Most recently, ExxonMobil stated that it plans to invest more 
than $15 billion over the next six years to lower GHG emissions. The 
company cites carbon capture and storage as a key technology to help 
reach net zero emissions goals by 2050. It also cites biofuels and hy- 
drogen as areas with opportunities for significant emissions reductions. 

And while many are working on an economical pathway to "green" 
hydrogen via electrolysis, advances to increase energy efficiency 
in the traditional steam-methane reforming process to reduce CO» 
emissions are also being pursued. Two such advances are detailed 
on p. 5 of this issue. 

Countless activities supporting emissions reductions are underway 
in the scientific community. Challenges and advances in column use 
for carbon capture, for example, are outlined in our 
Newsfront on p. 13. A technique for combustion-free 
abatement of methane emissions was described in 
our November issue's Chementator section (p. 5). 

As policies and company goals continue to point 
toward a sustainable future, innovation and sound 
engineering will help to make those goals a reality. 
We will continue to cover those advances in these 
pages, on our website and at our events. E 

Dorothy Lozowski, Editorial Director 
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Structured catalyst improves efficiency and 


Edited by: 
Gerald Ondrey 


hydrogen yields in SMR... 


ommissioning has begun on a pilot 
plant designed to demonstrate the 
effectiveness of a structured cata- 
lyst module for steam-methane 
reforming (SMR) that solves the main heat- 
transfer inefficiencies associated with the 
conventional process. The structured cata- 
lyst technology improves the efficiency of 
SMR and increases the hydrogen produced. 

Steam reforming of methane — an en- 
dothermic reaction typically carried out in 
multi-tube, fixed-bed reactors filled with 
catalyst-laden ceramic pellets — is subject 
to heat-transfer inefficiencies due to the size 
and random placement of the pellets. 

"Heat transfer in SMR reactors depends 
in large measure on feed gas impinging the 
boundary layer of fluid at the tube wall," 
explains Bruce Boisture, president and co- 
founder of ZoneFlow Reactor Technologies, 
LLC (Windsor, Conn.; www.zoneflowtech. 
com), the developer of the new SMR tech- 
nology. "But that heat-transfer mechanism 
is not optimized in the reactor tubes be- 
cause of the random packing of the pellets 
in the reactor and their relatively large size 
(a concession to durability concerns) in rela- 
tion to the diameter of the reactor tube. The 
result is a random gas-flow pattern within 
the reactor, sub-optimal heat transfer into 
the reactor and pressure drop across the 
reactor, and a significant amount of meth- 
ane that can ‘bypass’ the catalyst along the 
tube walls. This high-temperature, but un- 
reacted methane can cause coke buildup 
on the pellets." 


The ZoneFlow structured catalyst (photo) 
features precisely engineered flow channels 
in its outer casing that are designed to force 
the methane to contact the tube wall while 
minimizing pressure drop. The geometry 
of its support structure keeps the catalyst- 
coated casing in continuous contact with 
the tube wall despite tube creep, eliminat- 
ing bypass, Boisture comments. "In testing, 
heat-transfer efficiency was improved by 
10096 while maintaining the same pressure 
drop," Boisture says, which translates into 
an expected 1596 higher throughput com- 
pared to conventional catalyst systems. 

ZoneFlow's pilot plant, located at the Uni- 
versité Catholique de Louvain (Belgium), is 
undergoing final commissioning now, and the 
plant will start up by the end of 2021. Pilot 
testing results are expected in mid-2022. In 


FLOW BATTERY 


HoneywellInc. (Charlotte, 
N.C.; www.honeywell. 
com) introduced a new 
flow-battery technology 
that employs a proprie- 
tary electrolyte to provide 
reliable extended-dura- 
tion energy storage — up 
to 12 h compared to lith- 
ium-ion batteries' (LIBs) 
4 h. "The flow battery 
uses a non-flammable, 
water-based electrolyte 
and will not succumb to 
failure mechanisms like 
thermal runaway, unlike 
LIBs, which rely upon or- 
ganic electrolytes," says 
Roopa Shortt, business 


ee development director, 
early November, ZoneFlow announced a joint ^ Honeywell Sustainable 
development agreement with Honeywell UOP ^ Technology Solutions. 


(Des Plaines, IIl.; 
WWW.Uuop.com) 
to develop and 
commercialize 
the technology. 
Honeywell says 
the ZoneFlow 
reactor tech- 
nology allows 
capital savings 
for new SMR 
plants and higher productivity for existing 
plants, and the opportunity to reduce steam 
requirements for SMR will reduce energy de- 
mand and CO» emissions. 
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ZoneFlow Reactor Technologies 


The battery operates 
by reducing and oxidiz- 
ing active species in the 
aqueous electrolyte upon 
charge and discharge of 
he battery. "We have de- 
veloped ways to improve 
he speed and electrical 
efficiency of both charg- 
ing and discharging to 
ensure stability across 
housands of cycles. We 
have also optimized our 
design to take advantage 
of lower-cost materials 


(Continues on p. 6) 


... as does this new SMR technology 


eanwhile, a collaboration between Clariant 
Catalysts (Munich, Germany; www.clariant. 
com/catalysts) and Technip Energies N.V. 
(Zoetermeer, the Netherlands; www.technip 
energies.com) has led to SMR technology that is said 
to achieve higher throughput and heat recovery in 
SMR. Technip Energies’ Enhanced Annular Reforming 
Tube for Hydrogen (Earth) technology is designed as a 
drop-in solution, thus it is well suited to both existing 
and new reformer tubes. It is already in operation in the 
Akkim hydrogen (HyCO) plant in Turkey since January 
2019, which shows excellent and stable performance, 
20% less CO» emissions and nearly 40% lower fos- 
sil fuel consumption — all at equal H5 and CO output, 
says Clariant. Clariant and Technip Energies have also 
been awarded two further contracts for Earth: a 21,000- 
Nm3/h Ho plant for Repsol, which will start up in Feb- 
ruary 2023 in Cartagena, Spain; and a second for an 
upgrade of an existing European Ho plant. 
Earth technology, developed and patented by Tech- 
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nip Energies, comprises a concentric tubular assem- 
bly in the SMR with a structured catalyst loaded in the 
outer annular space. The proprietary geometric layout, 
in combination with highly active, stable and mechani- 
cally robust catalyst — jointly developed by Clariant and 
Technip Energies — offers low pressure drop, maximum 
activity and heat transfer, despite the thermal and me- 
chanical stress of the reforming process and the re- 
duced volume of the Earth catalyst bed. 

While traditional SMR technologies degrade high-grade 
process heat to generate high-pressure steam, Earth of- 
fers the possibility to utilize this heat to produce additional 
Hə or to reduce the firing duty of the reformer, thus saving 
energy (and operating costs), according to Technip Ener- 
gies. Steam export can be reduced by 5096, compared 
to conventional technology, the company says. 

"[Earth] is a key technology of our BlueH2 by T.EN suite 
of solutions to achieve more sustainable hydrogen and 
syngas production the market has been seeking," says 
Stan Knez, chief technology officer at Technip Energies. 


EMBER 2021 
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than are used in other bat- 
teries," adds Shortt. In 2022, 
Honeywell will deliver a 400- 
kWh unit to Duke Energy. 


NAPHTHA CRACKER 


In October, Coolbrook Oy (Hel- 
sinki, Finland; www.coolbrook. 
fi) and its partners started 
construction at Brightlands 
Chemelot Campus in Geleen, 
the Netherlands where the 
world's first electric steam 
cracker will be tested and fur- 
ther perfected towards com- 
mercialization. As part of the 
preparations for this pilot, air 
tests will take place in Finland 
before the end of this year 
with the patented Rotor Dy- 
namic Reactor (RDR) techno 
ogy (Chem. Eng., May 2017, 
p. 9). The pilot at Brightlands 
Chemelot Campus will be fully 
operational in April 2022, after 
which the technology can be 
applied on a commercial scale 
in the near future. 


Zero-liquid-discharge project to 
recover products from brine 


HS Heat Exchangers Ltd. (Watford, 

U.K.; www.hrs-heatexchangers.com) 

was recently awarded an order for the 

design, manufacture and installation 

of a mechanical vapor recompression (MVR) 

evaporation system for LIFE Desirows (lifede- 

sirows.eu) — a three-year, €1.6-million proj- 

ect funded under the E.U.'s LIFE19 program. 

LIFE Desirows, which involves a consortium of 

companies and the Polytechnic University of 

Cartagena (UPCT; Spain; www.upct.es), aims 

to demonstrate a circular economy, zero-liquid 

discharge (ZLD) project to improve water qual- 
ity in the Murcia region of Spain. 

The consortium has developed a process 

(diagram) that removes nutrients and sepa- 

rates different salts from ag- 


tated salts are removed from this saturated so- 
lution using wind-aided intensified evaporation 
(WAIE), providing a true zero-liquid discharge 
solution that converts the environmentally un- 
friendly brine into clean water for irrigation, fer- 
tilizer and salts for industrial use. 

MVR evaporation is said to be one of the 
most economical ways of concentrating waste 
streams and does not require a thermal energy 
source. The electrical energy needed to drive 
the MVR compressor is supplied by photovol- 
taic solar panels. The evaporation module uses 
HRS corrugated-tube technology. The corru- 
gated tubes generate extra product turbulence, 
which provides enhanced heat transfer and also 
delays heat exchanger fouling. 


ricultural brine, so that they m LEGEND 
can be used as fertilizers. " Filtration mu? Line of concentrated brines 
First, a double reverse-os- ee = = — ux) Line of distilled/permeated flow 
mosis (RO) process gener- sui D Line of evaporated flow 
ates a eee phe. Which I ams 

Le P Denitrification MBBR 
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ect at Brightlands Chemelot 
Campus. In addition to provid- 


Chemical salt 
precipitation 


The resulting solution is 


ing up to 2096 more ethylene 
yield than a traditional cracker, 
the Implementation of the RDR 
technology leads to a complete 
reduction in COs emissions, 
3096 reduction in energy con- 
sumption and therefore 6096 
more profit, the company says. 
In July, the technology received 
over €5.5 million in subsidy 
from the Ministry of Economic 
Affairs and Climate Policy to en- 
able this pilot to be carried out 
on an industrial scale. 


NEW ALLOY 


Sandvik Materials Technology 
AB (Sandviken, Sweden; www. 
materials.sandvik) recently re- 
ceived the first-ever contract 
from a renewable diesel plant 
for its Sanicro 28 high-alloy 
austenitic stainless steel. The 
reference order is for the use 
of Sanicro 28 in the reactor 
effluent-air coolers (REAC) of 
the hydroprocessing unit at one 
of the largest renewable diesel 
refineries inthe U.S. Gulf Coast, 
due to start production in 2023. 
Sanicro 28 is a multi-purpose 
austenitic stainless steel for 
service in extremely corrosive 
conditions. It was originally 
developed for the fertilizer in- 


(Continues on p. 8) 
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then thermally concentrated 
using a cooling tower and 
MVR to produce a saturated 
solution. Finally, the precipi- 
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New catalyst technology for MeOH synthesis boosts 
production and extends lifetimes 


ewly launched catalyst technology, 

developed through a collaboration 

between Clariant (Muttenz, Switzer- 

land; www.clariant.com) and Air Liq- 
uide Engineering & Construction (Frankfurt am 
Main, Germany; www.engineering-airliquide. 
com) and designed for methanol (MeOH) pro- 
duction, is capable of boosting cumulative 
MeOH yields by up to 1596 and extending 
catalyst lifetimes by up to two years. Officially 
launched in October, the technology is known 
as MegaZonE, a play on the name of the Clari- 
ant catalyst material on which it based — Me- 
gaMax, a series of copper-oxide/zinc-oxide/ 
alumina catalysts used for synthesizing MeOH 
from synthesis gas (CO and Hp). 

Methanol synthesis typically occurs within 
a fixed-bed reactor, and MegaZonE uses 
several layers of catalyst material within the 
reactor that have differing activity levels. Be- 
cause each catalyst layer is tailored to the 
specific reaction conditions along the reac- 
tion pathway, the layers optimize heat man- 
agement and catalyst performance. As Clari- 


ant explains, catalysts with moderate activity 
are loaded in hotter zones of the converter 
to prevent hotspots, while activity-enhanced 
catalysts are placed further down the reaction 
pathway to intensify reaction rates in the lower 
portion of the converter. 

"On the one hand, less thermal stress on cat- 
alysts will lead to longer catalyst lifetimes. On 
the other hand, high activity in the bottom part 
of the reactor will increase reaction rates and 
reduce byproduct formation by up to 1096," 
explains Stefan Heuser, senior vice president 
and general manager at Clariant Catalysts (Mu- 
nich, Germany). 

"MegaZonE is a game-changing technol- 
ogy that will increase customers' profits," says 
Heuser. “It enables more compact, resilient and 
longer-lasting designs, and is an example of 
Clariant's close collaboration with our partner Air 
Liquide Engineering and Construction," he adds. 

MegaZonE was successfully applied to two 
world-scale methanol plants in Asia this year, 
and is showing excellent and stable perfor- 
mance, according to Heuser. 
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dustry and has been successfully used in 
the upstream oil-and-gas industry for many 
years. It offers excellent resistance to pitting 
corrosion and stress-corrosion cracking in 
high-chloride-bearing environments, mak- 
ing it an effective alternative to high-nickel 
alloys, such as alloy 825. 

The alloy's breakthrough into renewable 
energy comes after two years of intense 
data generation that demonstrates Sanicro 
28 also offers the corrosion and mechanical 
properties needed for the refining industry. 


MECHANICAL ROUTE TO CLINKER 


Portland cement — the binder used in con- 
crete — contains ground cement clinker 
(calcium silicates and aluminates) that is 
produced by the high-temperature calcina- 
tion of limestone and other components. 
This energy-intensive process generates 
one ton of CO» for every ton of cement pro- 
duced. As a result, cement production is 
said to account for approximately 896 (or 
2.7 billion ton/yr) of anthropogenic CO» 
emissions worldwide. 

In anew study to find “greener” routes to ce- 
ment production, chemists at the Johannes 
Gutenberg University Mainz (Germany; www. 
uni-mainz.de) have developed a method that 
produces cement clinker using ball mills at 
ambient temperature, instead of using cal- 
cination kilns operating at 1,000-1,500?C. 
Although the process is still in its infancy and 
limited to the laboratory scale, the method 
has the potential to drastically reduce CO» 
emission from cement production. 

In the process, which is described in Ad- 
vanced Functional Materials published last 
month, the raw lime (CaCO3) is no longer 
converted into burnt lime in coal-fired kilns, 
but is simply milled with solid sodium sili- 
cate (NaeSiOs). This milling step produces 
an "activated" intermediate that contains 
the constituents of the cement in uniform 
distribution. When reacted with sodium hy- 
droxide solution, a product is formed that is 
structurally similarto the calcium silicate hy- 
drates. The formation of the cement paste 
and the setting with water proceed via a 
complex reaction cascade. The reaction 
mechanism for the multistep salt metath- 
esis reaction were elucidated using x-ray 
and other analytical methods, in collabo- 
ration with researchers from the Gottfried 
Wilhelm Leibniz University (Hannover) and 
the Technical University of Darmstadt. 

The researchers roughly estimate that the 
mechanical energy needed for the milling pro- 
cess (120 kWh/ton) is approximately 10% of 
the energy needed for the calcination process. 


NEW YEAST 


Novozymes North America Inc. (Franklinton, 
N.C.; www.novozymes.com) has recently 
introduced Innova Quantum, a new addition 
to its Innova yeast platform. With the new 
yeast, producers can increase ethanol yield 
by 2-396 compared to predecessor Innova 


(Continues on p. 9) 
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Mining REEs from phosphogypsum... 


ast month, the Pennsylvania 

State University (Penn State; Uni- 

versity Park, Pa.; www.psu.edu), 

Case Western Reserve Univer- 

sity (Cleveland Ohio; www.case.edu) 
and Clemson University (S.C.; www. 
clemson.edu) received a $1.7-million 
National Science Foundation grant for 
a four-year project to recover rare earth 
elements (REEs) from phosphogypsum. 
Phosphogypsum is formed when 
phosphate rock is processed into fertil- 
izer, and contains small amounts of nat- 
uraly occurring radioactive elements, 
Such as uranium and thorium. Because 
of this radioactivity, the byproduct is 
Stored indefinitely, and improper stor- 
age can contaminate soil, water and 
the atmosphere. “Today, an estimated 
200,000 tons of rare earth elements are 
trapped in unprocessed phosphogyp- 
sum waste in Florida alone," according 
to Lauren Greenlee, associate profes- 
Sor of chemical engineering and leader 
of the Penn State effort along with co- 
principal investigator Rui Shi, assistant 
professor of chemical engineering. 
"This source of rare earth elements is 
presently untapped due to challenges 
associated with radioactive species 
and the difficulty of separating the indi- 
vidual elements," she says. “The vision 
for this project is to discover new sepa- 


ration mechanisms, materials and pro- 
cesses to recover valuable resources, 
including rare earth elements, fertilizers 
and clean water, from waste streams of 
the fertilizer industry, paving the way for 
a sustainable domestic supply of rare 
earth elements and a sustainable agri- 
culture sector." 

To harvest the REEs trapped in phos- 
phogypsum, the researchers propose 
a multistage process using engineered 
peptides capable of precisely identify- 
ing and separating out the rare earth 
elements through a specialized mem- 
brane. "Individual rare earth elements 
have similar sizes and identical formal 
charges, so traditional membrane sep- 
aration mechanisms are insufficient," 
Greenlee says. "A key technical goal of 
this research is to discover the mecha- 
nisms that underpin peptide-ion selec- 
tivity and leverage those mechanisms 
to design a new class of highly selective 
membranes." Researchers from Case 
Western will develop the engineered 
peptides, guided by computational 
modeling work performed at Clemson. 

The proposed project will also com- 
plement other Penn State research, in- 
cluding work using naturally occurring 
protein molecules to extract grouped 
rare earth elements from other industrial 
waste sources (see next story). 


...and from unconventional sources 


n October, researchers from Penn 

State and the Lawrence Livermore 

National Laboratory (LLNL; Calif.; 

www.lInl.gov) described — in an ar- 
ticle published in ACS Central Science 
— a new method that improves the 
extraction and separation of rare earth 
elements (REEs) from unconventional 
sources, including industrial waste, 
such as mine tailings and electronic 
waste. "In this study, we demonstrate a 
promising new method using a natural 
protein that could be scaled up to ex- 
tract and separate rare earth elements 
from low-grade sources, including in- 
dustrial wastes," according to Joseph 
Cotruvo Jr, assistant professor and 
Louis Martarano Career Development 
Professor of Chemistry at Penn State, 
a member of Penn State's Center for 
Critical Minerals, and co-corresponding 
author of the study. 

The new method takes advantage 
of a bacterial protein called lanmodulin 
(LanM), previously discovered by the 
research team, that is almost a billion 


times better at binding to REEs than to 
other metals. The protein is first immo- 
bilized onto tiny beads within a column 
to which the liquid source material is 
added. The protein then binds to the 
REEs in the sample, which allows only 
the rare earths to be retained in the col- 
umn and the remaining liquid drained 
off. Then, by changing the conditions 
(for example, by changing the pH or 
adding additional ingredients), the met- 
als can be released from the protein 
for recovery. By carefully changing the 
conditions in sequence, REEs could be 
Selectively separated. 

The researchers first demonstrated 
that the method is "exceptionally good" 
at separating the REEs from other met- 
als. They were also able to separate 
yttrium from neodymium — both abun- 
dant in primary rare-earth deposits and 
coal byproducts — with greater than 
9996 purity; and neodymium from dys- 
prosium with greater than 99.996 purity 
in just one or two cycles, depending on 
the initial metal composition. 
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Waste-based ceramics improve 
energy-storage economics 


eramic materials' high heat resis- 

tance makes them a promising 

media for thermal energy storage, 

but their high costs have inhibited 
their widespread use for this application. 
Now, a new technology offered by Seramic 
Materials Ltd. (Masdar City, U.A.E.; www. 
seramic.eco) can efficiently convert a wide 
range of industrial solid waste materials, 
Such as steel slag and incinerator ash, into 
ceramic products used for energy storage 
and construction. “On average, our prod- 
ucts are up to 5096 cheaper than conven- 
tional ceramics, and the carbon footprint 
can be reduced by up to 6096 when com- 
pared to materials like alumina, which re- 
quire energy-intensive extraction and trans- 
port of bauxite raw materials. We replace 
those with locally generated wastes that are 
always available," says Nicolas Calvet, CEO 
of Seramic Materials. 

The key to Seramic Materials’ technol- 
ogy is a patented method of mixing differ- 
ent waste streams and fine-tuning process 
characteristics to yield a specific end- 
product formulation. "There is great vari- 
ability in the waste composition, based on 


industrial source and geography, meaning 
that we have to readjust our process and 
formulation and tune the firing temperature 
before launching production,” explains Cal- 
vet. These proprietary analyses take place 
in Seramic Materials’ dedicated laboratory, 
where characteristics such as water ab- 
sorption and compression resistance are 
precisely tuned to optimize product formu- 
lation. Since the main production process 
uses conventional equipment, Seramic 
Materials is partnering with existing ceram- 
ics factories to utilize their facilities during 
periods of inactivity, which significantly low- 
ers capital expenditures. 

The company has recently commercial- 
ized a technical ceramic product called 
ReThink Seramic — Flora, which can reach 
temperatures as high as 1,250°C, making 
it ideal for use in concentrated solar-power 
(CSP) installations. Seramic Materials has 
manufactured 30 tons of Flora at a plant in 
Europe, and projects deploying the material 
are in development in Spain and the U.S. 
Work is also underway for a workshop in 
Abu Dhabi to produce 20,000 m?/yr of sus- 
tainable architectural tiles. 


Force. For a 100-million- 
gal/yr plant, this translates 
to an additional $1—2 mil- 
lion in revenue, says No- 
vozymes. Designed to 
operate in fermentations 
>60 h, Quantum with 
new strain development 
is capable of convert- 
ing the most sugar to 
ethanol while significantly 
lowering fermentation by- 
products such as glycerol 
up to 4096 — all without 
the trade-off and risk of 
robustness loss experi- 
enced with competing 
yeasts. And, Quantum 
expands plant flexibility 
by fermenting to ethanol 
concentrations of more 
than 1696 w/v, while elimi- 
nating the need for expen- 
Sive nutritional supple- 
ments, says Novozyme. 


PHOTOSENSITIZER 


Researchers from the 
Tokyo Institute of Tech- 
nology (Tokyo Tech; 


(Continues on p. 10) 


For details visit adlinks.chemengonline.com/80076-04 
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Japan; www.titech.ac.jp) have 
developed a new osmium com- 
plex that can absorb the entire 
wavelength range of the visible 
spectrum. When combined with 
aruthenium (Il) catalyst, the com- 
plex enables the direct reduction 
of CO» into formic acid. 

Although Ru complexes are 
commonly used redox photo- 
sensitizers, they do not absorb 
visible light, whereas alternative 
panchromatic complexes can- 
not also be used for photoredox 
reactions because the lifetimes 
of their excited states are too 
short. The Tokyo Tech combina- 
tion, described in a recent issue 
of Chemical Science, overcomes 
both hurdles. The osmium com- 
plex absorbs all wavelengths in 
the visible spectrum, and the 
excited state has a sufficiently 
long lifetime (40 ns) for initiating 
electron-transfer processes re- 
quired for reduction. 

When irradiating the combina- 
tion with 770-nm light, the sys- 
tem photocatalytically reduced 
CO» into formic acid with good 
reaction turnover numbers. O 


A new spin on ultrasonic algae control in 
wastewater-treatment applications 


Itrasound treatment is a non- 

chemical method to control algae 

using specific sound frequencies 

emitted through water to cause 
internal damage to polluting algae cells. 
Most previous work in the area of ultra- 
sonic algae control has focused on very 
loud emitted frequencies to create cavita- 
tion bubbles that damage the algae cells, 
but a new line of products from Sonic 
Solutions Algae Control LLC (Northamp- 
ton, Mass.; www.sonicsolutionsllc.com) 
and WaterlQ Technologies (Wilson, Wyo.; 
www.wateriqtech.com) emits over 2,000 
different frequencies on two bandwidths 
to take advantage of critical structural 
resonance (CSR), the specific frequency 
that ruptures the vesicles within algae cell 
walls. The damaged algae cells lose their 
buoyancy or have torn inner cell walls, 
causing them to naturally decompose due 
to lack of sunlight or damaged functions. 
Launched in October at Weftec, The Pul- 
sar 4000 and 3000 models are said to be 
the only devices on the market to provide 


360-deg, CSR-based ultrasonic coverage 
in ponds, reservoirs and clarifier tanks. 
“When you emit frequencies at an ob- 
jects CSR, the object begins to vibrate, 
and if the frequency is strong enough, the 
object can damage itself with shearing vi- 
bration,” explains George Hutchinson, chief 
technology officer and vice president of op- 
erations at Sonic Solutions Algae Control. 
A benefit of CSR-based control over cavi- 
tation is lower power consumption and lon- 
ger distance coverage. “To use cavitation 
to damage algae several hundred meters 
away, the device has to create almost an 
explosive surge to create cavitation at that 
distance. Our devices stay well below the 
cavitation threshold,” says Hutchinson. 
Furthermore, the wide range of fre- 
quencies emitted by the devices enable 
them to mitigate over 90% of different 
algae species encountered in wastewater 
treatment plants, agricultural farms and 
more. The key to tapping into so many 
frequencies is a specially designed piezo 
transducer head and microprocessor. Wi 
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Business News 


Plant Watch 

Chemours to open 

new HFO plant in Arkansas 

November 11, 2021 — The Chemours Co. 
(Wilmington, Del.; www.chemours.com) 
announced plans to open a new facility 
located in El Dorado, Ark. The new plant will 
be dedicated to Chemours' Opteon1150 
hydrofluoroolefin (HFO), chemically referred 
to as HFO-1336mzzE. 


ALPLA starts up HDPE 

recycling plant in Mexico 

November 11,2021 — ALPLA Group (Hard, 
Austria; www.alpla.com) has opened a new 
recycling plant for high-density polyethylene 
(HDPE) plastic in Toluca, Mexico. The facility 
is currently designed for a capacity of 15,000 
metric tons per year (m.t./yr) of recycled HDPE 
(rHDPE) in pellet form, and the company has 
announced plans to double the annual regrind 
production capacity to 30,000 m.t./yr in the 
second half of 2022. The investment in the 
new plant was around €20 million. 


Honeywell commercializes new recycling 
technology, will build plant in Spain 
November 3, 2021 — Honeywell International 
Inc. (Charlotte, N.C.; www.honeywell.com) has 
launched a new chemical recycling technology 
for plastic waste, and will commercialize this 
technology at a new plant in Spain. Honeywell 
and engineering firm Sacyr S.A. (Madrid, Spain; 
www.sacyr.com) will jointly co-own and operate 
the facility in Andalucía with a capacity to 
transform 30,000 m.t./yr of mixed waste plastics 
into recycled polymer feedstock. Production 
is expected to begin in 2023. 


Nouryon to increase colloidal silica 
manufacturing plant in Wisconsin 
November 2, 2021 — Nouryon (Amsterdam, 
the Netherlands; www.nouryon.com) plans 
to expand production capacity at its Levasil 
colloidal-silica manufacturing facility in Green 
Bay, Wis. to meet increasing demand from 
the construction and packaging markets. 
Construction ofthe facility expansion is planned 
to be finalized in the second half of 2022. 


Elkem to expand specialty-silicone 
production plant in France 

October 27, 2021 — Elkem ASA (Oslo, Norway; 
www.elkem.com) will invest around €36 million to 
upgrade and debottleneck its specialty-silicone 
upstream plant in Roussillon, France, resulting 
in a 20,000-m.t./yr capacity expansion. This 
brings the site's capacity to 100,000 m.t./yr of 
effective silicone intermediates for end uses 
including semiconductors, 3D printing and 
medical devices. The expansion is anticipated 
to come online during the third quarter of 2023. 


Evonik expands specialty 

silica production in Japan 

October 25, 2021 — DSL Japan, a joint venture 
of Evonik Industries AG (Essen, Germany; www. 
evonik.com) and Japanese pharmaceutical 
firm Shionogi, has opened a new production 
line for specialty silicas at the company's site 
in Ako, Japan. The new capacities expand the 
overall production capacity of custom silica 
solutions by 3096. 


ADM and Gevo join forces to produce 
renewable fuels in the U.S. 

October 28, 2021 — Archer-Daniels-Midland 
Co. (ADM; Chicago; www.adm.com) and Gevo, 
Inc. (Englewood, Colo.; www.gevo.com) have 
signed a memorandum of understanding (MoU) 
to support the production of both ethanol and 
isobutanol that would then be transformed 
into renewable hydrocarbons, including 
sustainable aviation fuel (SAF), using Gevo's 
processing technology and capabilities. About 
900 million gal of ethanol produced at ADM's 
facilities in Columbus, Neb., Cedar Rapids, 
lowa and Decatur, Ill., are expected to be 
processed utilizing Gevo technology, resulting 
in production of approximately 500 million gal of 
renewable hydrocarbons. 


Albemarle to build two new lithium- 
conversion plants in China 

October 22, 2021 — Albemarle Corp. (Charlotte, 
N.C.; www.albemarle.com) has signed 
agreements to move forward with its design, 
engineering and permitting plans to expand 
lithium-conversion capacity at the Yangtze River 
International Chemical Industrial Park in the 
Zhangjiagang Free Trade Zone (Jiangsu province) 
and the Pengshan Economic Development 
Park in the Pengshan District (Sichuan province). 
Albemarle will build a conversion plant at 
both sites, each of which has planned 
production capacity initially targeting 
50,000 m.t./yr of lithium hydroxide. It is expected 
that these plants would start construction 
during 2022 and complete construction by 
the end of 2024. 


Mergers & Acquisitions 

Sika to acquire MBCC Group 

for €5.2 billion 

November 11, 2021 — Sika AG (Baar, 
Switzerland; www.sika.com) has signed 
a definitive agreement to acquire MBCC 
Group (Mannheim, Germany; www.mbcc- 
group.com), the former BASF Construction 
Chemicals business, from a global private 
equity firm, for a consideration of €5.2 billion 
($5.96 billion). MBCC Group is active in the 
field of construction systems and admixture 
Systems and has more than 130 production 
facilities in over 60 countries. 
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Lanxess to separate High 
Performance Materials business 
November 11, 2021 — Lanxess AG 
(Cologne, Germany; www.lanxess. 
com) will transfer its High Performance 
Materials (HPM) business unit to an 
independent legal corporate structure. 
With 14 sites worldwide, HPM is a 
supplier of high-performance plastics 
that are used primarily in the automotive, 
electrical and electronics industries. 


Flint Hills Resources transfers its 
propylene business to Invista 
November 9, 2021 — Flint Hills 
Resources, LLC (Wichita, Kan.; www. 
fhr.com) will transfer its propylene 
business to Invista (Wichita, Kan.; www. 
invista.com). The move includes Flint 
Hills Resources’ chemical facilities in 
Houston and Longview, Tex. 


DuPont to acquire 

Rogers Corp. for $5.2 billion 
November 2, 2021 — DuPont 
(Wilmington, Del.; www.dupont.com) 
has entered into a definitive agreement 
to acquire Rogers Corp. (Chanaler, 
Ariz.; www.rogerscorp.com) for $5.2 


billion. Rogers specializes in engineered 
materials, including high-frequency circuit 
materials, ceramic substrates and high- 
performance foams. The transaction 
is expected to close in the second 
quarter of 2022. Rogers operates a 
global network of 14 manufacturing 
sites in North America, Europe and 
Asia. DuPont also plans to divest a 
significant portion of assets from its 
Mobility & Materials division. 


Ecolab to acquire ion-exchange 
resin manufacturer Purolite 
October 29, 2021 — Ecolab Inc. 
(St. Paul, Minn.; www.ecolab.com) 
will acquire Purolite (King of Prussia, 
Pa.; www.purolite.com), a provider 
of ion-exchange resins for separation 
and purification applications in many 
industrial sectors, including life sciences, 
microelectronics, nuclear power and 
food and beverage. The acquisition is 
valued at approximately $3.7 billion. 


Eastman to sell adhesives resins 
business to Synthomer 

October 28, 2021 — Eastman Chemical 
Co. (Kingsport, Tenn.; www.eastman. 


com) entered into a definitive agreement 
to sell its adhesives resins assets and 
business to Synthomer Plc (London, U.K.; 
www.synthomer.com). The $1-billion 
sale consists of several product lines, 
including: hydrocarbon resins, pure 
monomer resins, polyolefin polymers, 
rosins and dispersions and oleochemical 
and fatty-acid resins. The business is 
currently part of Eastman’s Additives 
& Functional Products segment. 


BASF to sell Precision 
Microchemicals business 
October 27, 2021 — Entegris, Inc. 
(Billerica, Mass.; www.entegris. 
com) and BASF SE (Ludwigshafen, 
Germany; www.basf.com) have signed 
an agreement for the sale of BASF's 
Precision Microchemicals business to 
Entegris for $90 million. The Precision 
Microchemicals business is part of 
BASF's Coatings division, operating 
under the Chemetall brand. It focuses on 
high-purity materials, including cleaning 
chemistries and chemical mechanical 
planarization slurries used in machining 
and surface conditioning. H 
Mary Page Bailey 
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Newsfront 


Taking a Holistic Approach 


to Column Internals 


Combining new and improved high-performance column internals and a whole-system view 
provides a comprehensive solution with more benefits 


day's economic and envi- 
ronmental pressures have 
chemical processors look- 
ing into projects that will help 
them achieve more throughput from 
existing columns while also reducing 
energy use. New high-performance 
trays and packings can certainly help 
increase capacity and efficiency of 
the tower. However, it is a holistic ap- 
proach to the system and all the inter- 
nals that yields the greatest benefits. 

"Processors are always trying to 
maximize utilization of their assets, 
meaning they want to get maximum 
throughput while maintaining or im- 
proving product quality and also 
being cognizant of their carbon foot- 
print, making energy utilization of the 
column very important," says Izak 
Nieuwoudt, chief technology advi- 
sor with Koch Engineered Solutions 
(Wichita, Kan.; www.kochind.com). 
"It may seem like looking for the Holy 
Grail, but it is possible to achieve." 

For this reason, continues Nieu- 
woudt, there is a constant drive to 
improve column internals, leading 
to some significant improvements in 
trays and packings, but also to other 
column internals, as well. "For in- 
stance, a high-performance packing 
might yield even better results if it is 
paired with improved liquid distribu- 
tors," he says. 

Babak  Rafienia, | mass-transfer 
technology manager with Amacs 
(Houston;  www.amacs.com) as- 
Serts: "Looking at a tray or packing 
alone isn't the only way to find better 
throughput and efficiency. We have 
seen many applications that need 
higher throughput and, while replac- 
ing conventional trays and packings 
with high-performance components 
can help, better results are always 
achieved when you look at the com- 


plete system, Often, we find other 
considerations, like inlet piping or 
feed arrangement, can affect the per- 
formance of the tower, so it should 
be looked at as a system to provide a 
comprehensive solution with a holis- 
tic approach." 


High-performing trays/packings 
If a tower is underperforming due 
to the use of conventional trays and 
packings or if a processor wants 
to improve capacity or efficiency of 
existing equipment, a move to high- 
performance trays and packings can 
indeed enhance performance. 

“In the recent economy, we have 
seen a lot of projects put on hold 
due to capital, logistical and mate- 
rial issues, and processors are try- 
ing to get more capacity and higher 
efficiencies from existing columns," 
says Moize Turkey, technology di- 
rector with Amacs. "In these cases, 
high-performance internals can 
boost the performance.” 

For instance, the most recent 
generation of Amacs' Superblend 
ASB high performance random 
packing (Figure 1) provides supe- 
rior performance when compared 
to previous packing generations 
in terms of both capacity and effi- 


| e a A ; 
= , 2 i ^ - 


FIGURE 1. Amacs' fourth-generation high-perfor- 
mance Superblend ABS packing is a combination 
of various packing sizes, which provides the effi- 
ciency of the smaller and the capacity of the larger 
packing to provide enhanced benefits 
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ciency. Likewise, SEMV mini-valve 
trays are high-performance internals 
that can improve both capacity and 
efficiency by breaking vapor jets and 
providing better vapor-liquid con- 
tact, says Rafienia. 

Koch's Nieuwoudt adds that the 
drive to increase column perfor- 
mance has led to improvements 
in trays and packings that allow 
increases to both capacity and ef- 
ficiency in existing columns. For ex- 
ample, the company's new Flexipro 
valve trays offer improved capacity 
and efficiency, enhanced push and 
Sweeping of the tray deck, which 
leads to improved fouling resistance 
and higher turndown ratio with no 
increase in pressure drop. This situ- 
ation opens opportunities for re- 
vamps and new vessels. The valve 
trays extend the operating range of 
fixed valves to levels close to those 
of movable valves, while maintain- 
ing the performance and reliability of 
fixed valves. 

Mark Pilling, manager of technol- 
ogy with Sulzer Chemtech USA 
(Tulsa, Okla.; | www.sulzer.com), 
agrees that newer technologies can 
help achieve both capacity and ef- 
ficiency improvements. “Our UFM 
valve trays offer a robust design that 
works over a variety of operating 
conditions and consistently provides 
high efficiency. They were designed 
using computational fluid dynamics 
(CFD) to ensure ideal mixing between 
the vapor and liquid on the tray deck 
to maximize efficiency while simulta- 
neously increasing capacity,” he says 
(Figure 2). 


Taking a holistic approach 

Often, the problem with underper- 
forming columns is that existing tow- 
ers are being pushed too far, which 
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FIGURE 2. Sulzer’s UFM valve trays were designed 
using computational fluid dynamics to ensure mix- 
ing between the vapor and liquid on the tray deck 
in order to maximize efficiency while simultane- 
ously increasing capacity 


may necessitate a revamp of more 
than just trays and packings, says 
Andreas Danninger, head of sales 
engineering with Raschig GmbH 
(Ludwigshafen, Germany; www. 
raschig.com). “If the tower was de- 
signed and built for certain operat- 
ing conditions that have since been 
gradually changed, the tower may 
not perform well, because the inter- 
nals are not suitable for the current 
operating conditions,” he says. 

“The problems can be manifold,” 
he continues. “From liquid distribu- 
tors not being able to handle in- 
creased liquid loads to the gas dis- 
tribution setup not being suitable for 
changed gas-feed flows, to random 
and structured packings operat- 
ing close to flooding conditions to 
mass transfer trays not being able to 
handle current operating conditions. 
Addressing these issues not only 
requires modern high-performance 
equipment, but also a sophisticated 
engineering approach." 

Danninger says the first option that 
comes to mind is replacing conven- 
tional packing types with a modern, 
high-performance random packing, 
such as the Raschig Super-Ring 
PLUS, which provides increased 
throughput capacity, efficiency, pres- 
sure drop and fouling resistance 
(Figure 3). "But it is not only the 
packing that affects column perfor- 
mance. If internals like gas and liquid 
distributors are not suitable for the 
actual operating conditions, then the 
packing can't reach its full potential," 
he says. "A redesign of the internals, 
optimized for the actual process 
conditions, can significantly enhance 
packing performance." 

The same, he says, applies to 
trays where replacement with a 
high-capacity tray can enhance 


USING COLUMNS FOR CARBON CAPTURE 


One of the latest trends is using columns for carbon capture applications. While the technol- 
ogy is not new, the "parasitic" energy demand and the enormous column sizes required for 
the application necessitate a lot of research and optimization before use becomes wide- 
spread, says Koch's Nieuwoudt. 

"There has been a lot of activity on the carbon capture front, but there is still a lot of ex- 
ploratory work to be done before we see a flood of large industrial applications due to the 
high cost and the required size of the installations," notes Nieuwoudt. "When you look at the 
Size of the units being proposed, they are humongous. Some of the proposed processes 
would use scaled-up conventional internals and others would be completely different be- 
cause some proposed carbon capture columns are rectangular vessels of about 60 by 80 ft. 

"This presents mechanical challenges around the mass-transfer internals that have to be 
solved before widespread use," he continues. "The industry is spending time working on proper 
packings and mechanical solutions for supporting those packings, as well as what the liquid 
distributor details would look like in a 60-by-80-ft vessel." 

Sulzer Chemtech's Pilling adds: “On columns of this scale, issues such as the thermal ex- 
pansion factors of dissimilar metals can cause problems. Also, there are massive flows com- 
ing in, so there are typically multiple feed nozzles at a given column elevation. This requires 
a lot of time spent with computational fluid dynamics to be sure the vapor flow goes into the 
column correctly. There are also issues with liquid distributors that must be flow tested, but 
the distributors are so massive that they are often bigger than the test facility itself." 

Despite these and other issues, Sulzer Chemtech has successfully installed carbon cap- 
ture columns in power plant applications, where during the process of burning fossil fuels, 
CO» emissions emerge. In these applications, after the fossil fuels have been burned, the 
off-gas stream feeds into the absorption column. In the column, the amine solutions come 
into contact with the gas stream and absorb CO». The larger the contact area, the more 
CO» is removed from the gas. The specialized design of effective structured packings, such 
as Sulzer's MelllapakCC, creates large surface areas of contact for the gas and liquid, en- 
hancing the absorption. The process results in a nearly COs-free gas stream and in amine 
solutions rich in CO». MellapakCC packing is again used to treat the amine solution so the 
CO» is removed for storage and the amine liquid is recycled and reused in the process. 

While these columns are normally very large and use a lot of energy, these application- 
specific internals help reduce column size, saving on materials, space and capital and 


energy costs. 


throughput capacity. For example, 
the Raschig R-MV provides higher 
capacity and lower pressure drop 
per theoretical stage compared to 
conventional valve trays due to the 
unique crowned head of the valve, 
which promotes improved lateral 
vapor release, reducing froth height 
and entrainment and increases hy- 
draulic capacity. “However, a care- 
ful redesign of the existing trays with 
optimizations to the downcomer 
sections of the active panes for the 
actual operating conditions can fur- 
ther enhance performance and op- 
erability of the tower.” 


Raschig Rh ES 
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Similarly, Christian Geipel, manag- 
ing director with RVT Process Equip- 
ment GmbH (RVT; Steinwiesen, Ger- 
many; www.rvtpe.com), says that 
there is a growing need for tailor- 
made solutions in revamps of exist- 
ing plants that need modifications to 
fulfill new demands or achieve lon- 
ger, more predictable run times in 
fouling applications, higher capaci- 
ties and lower pressure drop, wider 
operating ranges for more flexibility 
or better energy efficiencies. These 
can be achieved by combining high- 
performance trays or packings with 
other modern internals. 


FIGURE 3. The Raschig Super-Ring PLUS provides increased throughput capacity, efficiency, pressure 


drop and fouling resistance 
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RVT Process Equipment 


FIGURE 4. RVT has developed a novel high- 
capacity structured packing, the SP-Line, which 
offers modified channel geometry to provide low 
pressure drops and higher capacity 

“In terms of energy efficiency, 
which for mass-transfer equipment 
mainly corresponds to pressure 
drop, a revamp from trays or ran- 
dom packings to structured pack- 
ings is often a solution," says Geipel. 
RVT has developed a novel high- 
capacity structured packing, the SP- 
Line, which offers modified channel 
geometry to provide low pressure 
drops and higher capacity (Figure 
4). “However, especially for very low 
liquid loads, these packings can be 
combined with other internals such 


as modern liquid distributors. An im- 
proved spray nozzle distributor that 
combines spray nozzles with splash 
plates was developed and has been 
Successfully used in refinery vacuum 
columns where it reduces entrain- 
ment and fouling in the packing sec- 
tions above the distributor without 
sacrificing liquid distribution quality 
to the packing section below." 

Brad Fleming, manager of Sul- 
zer GTC's proprietary equipment 
technology group (Houston; www. 
gtctech.com), says looking at the 
System holistically can provide ben- 
efits outside the column, as well. 
"High-performance internals can be 
tailored to achieve many process ob- 
jectives," he says. “For instance, in 
some processes, reducing pressure 
drop through the column can have 
benefits on downstream units. If the 
overhead gas leaving a main frac- 
tionator is going to a compression 
stage, by reducing pressure drop 
of the fractionator, you can increase 
the suction pressure to the compres- 
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sor and that reduces the power re- 
quirement of the compressors or in- 
creases its throughput capacity. You 
can use the characteristics of the 
column to yield collateral benefits to 
other pieces of equipment." 

Fleming continues: "Most proces- 
sors realize that you can replace 
standard valve trays and get a 20 
to 3096 increase in throughput, but 
if you really understand the process, 
you can use the benefits to opti- 
mize further. This means you can 
use the same number of trays in a 
column and achieve better product 
purity, while at the same time, those 
improvements in efficiency can be 
translated into energy reductions 
because you don't have to drive the 
column as hard, so the real benefits 
come from how you use the im- 
provements in equipment technol- 
ogy to drive a desired, optimized re- 
sult throughout the process." 

Rainald Pabst, sales product man- 
ager for columns and internals with 
DeDietrich Process Systems GmbH 


FIGURE 5. DeDietrich's Durapack structured mass- 
transfer packing offers a higher number of separa- 
tion stages, better wettability and mechanical sta- 
bility and glass grids with a larger free cross-area 


(Mainz, Germany; www.dedietrich. 
com), agrees that overall optimiza- 
tion comes from considering the pro- 
cess as a whole. "No two columns 
are alike. In each individual case it 
is important to analyze the situation 
precisely to determine the optimum 
solution for the separation process 
and the column." 

He points to a revamp of a nitric 
acid concentration column using 
modern DeDietrich internals. “The 
column was originally equipped with 
cast iron internals, which caused 
many problems during operation 
of the plant, including limited load 
range, permanent blocking of the 
distributor holes due to breakage 
of the random packing and risk of 
fracture due to thermal stress. As 
a result, the required throughput of 
the column could not be achieved 
so the plant produced about 20% 
less than originally planned and the 
column required intensive mainte- 


nance," he says. 

DeDietrich remedied the situa- 
tion by instaling new equipment. 
In addition to its Durapack struc- 
tured mass transfer packing (Figure 
5), which offers a higher number of 
Separation stages, better wettability 
and mechanical stability and glass 
grids with a larger free cross-area, 
Coretray distribution trays and SiC- 
channel distributors were installed. 
"The Coretray distributor trays com- 
bine the functions of collection, 
distribution and support in a single 
component," he says. "The possible 
load range is designed individually 
and is enormous. Thus, lower loads 
can be handled without loss of dis- 
tribution quality. Hydraulic overloads 
up to 28096 can be handled with- 
out any problem, which is helpful for 
heavily polluting or foaming media. 
Further, the SiC-channel distributor 
is characterized by very good distri- 
bution quality. 

"These improvements allowed the 
processor to increase performance 
up to 12096 of the original required 
capacity," he says. 

To enable examining systems as 
a whole, Koch recently launched 
a software package, TowerView, 
that performs real-time calculations 
of the performance and health of 
equipment inside distillation or ab- 
sorption towers. “The software takes 
advantage of the ability to digitalize 
separation equipment and provides 


real-time feedback on the values that 
cannot be measured,” says Nieu- 
woudt. “Often processors run a distil- 
lation column and measure pressure 
drop, temperature and composition 
of streams using probes in the col- 
umn, but these values can't provide 
information about issues such as 
whether certain parts of the trays are 
close to flooding." 

"Our calculation methodology 
provides users with a real-time view 
of what things look like inside the 
column to give a proactive view of 
where the tower is relative to its limi- 
tations,” he says. 

The software can be used online 
in real time to provide alerts when 
there are potential problems, or of- 
fline to run what-if scenarios that 
can be used to enhance perfor- 
mance of the column before making 
physical changes. 

According to the experts, looking 
at problems or enhancing perfor- 
mance of the column should change 
from focusing on a single point or 
component and move toward look- 
ing at it as a whole package. Often 
tweaking and finding small optimi- 
zations within the entire system can 
help operators improve the through- 
put or performance, which isn't al- 
ways specific to just one internal. A 
solution-driven strategy that exam- 
ines the entire picture should be the 
focus of optimization projects. Oo 

Joy LePree 


FOCUS 


performance of predecessor 
Late last year, this company intro- 
duced a new type in its N-Eupex 
coupling series, while increasing 
the performance and bore capacity 
of the entire series. The new dou- 
ble-cardanic N-Eupex DK (photo) 
connects the shaft ends of the drive 
and driven machine via two elasto- 
mer joints instead of only one joint, 
as is the case with other coupling 
types. The introduction of the sec- 
ond elastomer joint increases the 
damping properties of the coupling 
and results in a lower torsional stiff- 
ness. This reduces vibrations, and 
the adjacent machine components 
are less stressed. In addition, the 
possible radial offset is increased 
more than fourfold. At the same 
time, this Company increased the 
performance of the entire N-Eupex 
series by approximately 30%, and 
the bore capacity by up to 25%. 
Users benefit from higher torque, 
increased rotation speed and a 
change in size. — Flender GmbH, 
Bocholt, Germany 
www.flender.com 


These motors now have 
integrated ProfiNet interface 
This company was said to be the 
first to completely integrate Pro- 
fiNet functionality, including the 
PROFldrive profile with application 
classes 1 and 4, into motors as 
standard. This offers ProfiNet users 
significant advantages in cabling, 
commissioning and operation. Only 
the power supply and bus con- 
nection need to be established, 
and the motor can be integrated 
into the commissioning environ- 
ment, for example, the TIA Portal, 
and programming can begin. Dur- 
ing operation, the controller ac- 
cesses all motor parameters and 
uses them for process control, 
error monitoring, predictive mainte- 
nance and many other IloT or cloud 
features. BG 95 dPro PN (photo) 
was the first fully integrated Profi- 
Net motor from this company. — 
Dunkermotoren GmbH, Bonndorf/ 
Schwarzwald, Germany 
www.dunkermotoren.de 


speed starter intuitively 

The safe, simple and efficient opera- 
tion of three-phase asynchronous 
motors is an important objective in 
a large number of applications. The 
Contactron Speed Starter (photo) is 
a new device class that bridges the 
gap between motor starters and fre- 
quency converters with easy opera- 
tion. The operator interface consists 
of a rotary switch and three but- 
tons with a display, allowing users 
to make all settings intuitively. This 
compact and cost-effective solution 
provides all of the functions neces- 
sary for different speeds. These in- 
clude normal speed, creeping speed, 
Soft start, energy efficiency and ramp 
functions, and even safe stopping 
with the Safe Torque Off function. — 
Phoenix Contact GmbH & Co. KG, 
Blomberg, Germany 
www.phoenixcontact.com 


These motor breaks are 
available when you need them 
This company has introduced a quick- 
ship program for MagnaShear motor 
brakes (photo), with parts ready for 
assembly in as little as a day. Brake- 
less brake motors from 34 to 5 hp are 
also in stock, so that assembled brake 
motors can be delivered quickly, elimi- 
nating supply chain concerns, and the 
need to use inferior dry friction-braking 
Systems. MagnaShear motor brake 
assemblies feature oil shear technol- 
ogy, so they do not require regular 
maintenance or adjustment. With 
quiet, smooth operation and high ac- 
curacy and repeatability, they provide 
a long service life (typically 5 to 10 
times that of dry friction brakes), says 
the company. — Force Control Indus- 
tries, Fairfield, Ohio 
www.forcecontrol.com 


New coating enables boost in 
efficiency of electric motors 
Electric motors have laminated cores 
that are made up of thin laminations of 
electrical steel. These laminations are 
coated on both sides to insulate them, 
which reduces magnetic losses. The 
coatings must also be heat resistant. 
Beckry Core is a waterborne core- 
plate varnish (CPV) that not only al- 
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lows thinner coating than other prod- 
ucts on the market, but also enhances 
electrical motor efficiency by reducing 
power losses in the core laminates 
(photo) and improving magnetic prop- 
erties, says the company. — Beckers 
Group, Berlin, Germany 
www.beckers-group.com 


Certified functional safety 
products introduced 

Launched in April, this company's 
Certified Safety Products (photo) pro- 
vide machine builders with a verified 
and reliable solution to increase the 
safety of processes and machines. 
The rail brakes, servomotor brakes 
and rod locks (photo) are said to be 
the first in North America to earn the 
Intertek Functional Safety (FS) Mark. 
They are certified to comply with ISO 
13849-1, Categories B through 4 
and Performance Levels PLa through 
PLe. With spring-engaged, air-re- 
leased functionality, these products 
are default to lock, making them ideal 
for emergency stopping and holding 
applications. The rail brakes, ser- 
vomotor brakes and rod locks can 
be mounted to servo motors, linear 
devices, pneumatic cylinders, round 
rails, linear rods, round shafts and lin- 
ear guide systems. — Nexen Group, 
Inc., Vadnais Heights, Minn. 
www.nexengroup.com 


Motors meet or exceed NEMA 

Premium efficiency standards 

The Simotics SD200 severe-duty 
motor in frame size 440 (photo) is 
the latest offering in the low-voltage 
Simotics motor family. Providing high 
productivity and energy-efficient op- 
eration in all torque ranges, these 
new cast-iron NEMA motors are 
built to power pumps, fans, com- 
pressors, hoists, winders and similar 
equipment in harsh environments. 
The SD200 motors offer 75-800-hp 
output and feature 444-5013 cast- 
iron frames for operation in 460- and 
575-V ranges. They meet or exceed 
NEMA Premium MG1 Table 12-12 
efficiencies. A wide selection of op- 
tions is offered, including IP56 in- 
gress protection, encoders, brakes 
and blowers, plus others to suit the 
application. They are designed for 
use in the harsh environments of oil- 
and-gas, petrochemical, grain and 
rock productuction, plus food-and- 
beverage and other sectors with 


Div. Il, Class 1 and 2 conditions. — 
Siemens Corp., Chicago, lll. 
usa.siemens.com 


Shaft gear units provide more 
power, flexibility and reliability 
This company's redesigned line of 
small Clincher parallel gear units 
(photo) delivers increased power and 
torque capacity for a variety of appli- 
cations. These re-engineered versions 
are lightweight, have improved heat 
dissipation, are more cost-effective 
and are available with this company's 
nsd tupH sealed-surface conversion 
for wash-down and extreme environ- 
ments. When combined with vari- 
able frequency drives, Clincher units 
provide efficiency and economy for a 
wide range of systems. Two mount- 
ing configurations are possible: a B14 
face flange/foot mounted version and 
a B5 flange version. — NORD Gear 
Corp., Waunakee, Wis. 
www.nord.com 


Improved performance for 
medium-voltage drives 
Earlier this year, this company intro- 
duced multiple enhancements to 
the Allen-Bradley PowerFlex 6000T 
medium-voltage drives (photo). The 
drives now include TotalFORCE tech- 
nology, which provides precise con- 
trol of speed and torque, diagnostic 
information for tracking system health 
and automatic adjustments to keep 
operations running smoothly. The 
PowerFlex 6000T drives follow speed 
or torque commands very closely in 
both open- and closed-loop vector 
control modes to deliver the precise 
control required for high performance 
and large loads. The drives also con- 
tinuously monitor operations to track 
the health of electrical components in 
the drive and motor, and provide real- 
time diagnostic information to the 
control system. With this information, 
users can better predict maintenance 
requirements well before component 
failures and take action to prevent 
unplanned downtime. Additionally, 
adaptive control features within the 
PowerFlex 6000T drives help iso- 
late potentially harmful vibration and 
resonances, and automatically com- 
pensate for variances to help keep 
applications running. — Rockwell 
Automation Inc., Milwaukee, Wis. E 
www.rockwellautomation.com 
Gerald Ondrey 
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Applied Technologies 


Leveraging Time-Series Data to 
Empower Process Experts 


Using new analytics technologies to address process challenges and improve 
production makes business sense 


hemical manufacturers are 
continuously challenged to 
achieve operational excel- 
lence. Many factors are in- 
volved with reaching this goal. How- 
ever, one crucial path forward is being 
able to fully leverage sensor-gener- 
ated time-series data by being able 
to analyze it. Companies realize this, 
but without the proper tooling, they 
struggle to achieve this objective. 
Huntsman Corp. (The Woodlands, 
Tex.; www.huntsman.com), a global 
manufacturer and marketer of dif- 
ferentiated and specialty chemicals, 
was able to overcome this challenge 
by empowering their process experts 
with self-service analytics. This tool- 
ing enabled them to answer three of 
the top production questions every 
organization like theirs is faced with: 
e What is happening in the process? 
e Has this happened before? 
e Why is this happening? 


Self-service analytics 

With the self-service analytics plat- 
form supported by  TrenaMiner 
(Houston; www.trendminer.com), 
Huntsman process engineers and 
operators are able to search through 
historical data to look for good and 
bad production behavior, allow- 
ing them to carry out the analytics 
themselves. They can create “fin- 
gerprints” of ideal operating zones, 
and set monitors against these fin- 
gerprints. If a deviation occurs, alerts 
are sent out via messages, emails 
or dashboards to notify personnel 
about the issue, giving them time 
to take corrective action. A 24-hour 
engineering support system is there- 
fore set in place, covering times 
when engineers are not on site (Fig- 
ure 1). Additionally, self-service ana- 
lytics can enable process experts to 
set monitors to predict performance 
and send out early warnings, and 
can even be used in conjunction with 
Lean Six Sigma continuous improve- 


ment projects. 


Huntsman has mum um | 
also been able enMi 
to eliminate data e 
silos. Like many | "M uw 
manufacturing — i 
companies, their "ia 
operational data 
was traditionally 
kept in separate 


silos, each within 
its specific teams 
and process/busi- 
ness applications. 
With self-service analytics, users can 
contextualize, centralize, save and 
share their operational data with all 
teams. By eliminating these silos, it 
became possible to move toward 
combined organizational produc- 
tion overviews for all sites, both lo- 
cally and globally. With this shared 
information, they saw global col- 
laboration and team efficiency im- 
prove, which resulted in enhanced 
and more insightful resolution of 
production problems. 


engineering support 


Fingerprinting batch processes 
Traditionally, | Huntsman's teams 
would check batch profiles using Mi- 
crosoft Excel — an approach that re- 
quired a substantial amount of pro- 
duction expertise and time. However, 
after implementing a self-service 
analytics platform in 2018, they were 
able to become much more efficient 
by creating fingerprints of good op- 
erating zones to check batch quality 
against specifications. 

In one of its polyols processes, 
distinct pressure and tempera- 
ture profiles are required to consis- 
tently produce high-quality material. 
Huntsman's teams used fingerprints 
as realtime monitors to continu- 
ously check the process for devia- 
tions. Process experts were able to 
quickly identify subtle disturbances 
that would be difficult to capture in 
a numerical model. As the monitors 
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FIGURE 1. Self-service analytics monitoring capabilities provide 24-hour 


gave early warnings for unexpected 
heat input, there was no need to 
check afterward if there were any 
abnormalities, allowing operators to 
take appropriate action in time (Fig- 
ure 2). This new approach to batch 
analysis and monitoring led to a sig- 
nificant reduction in off-specification 
batches and a significant increase in 
product quality. 


Improving quality assurance 

In one of Huntsman's Advanced Ma- 
terials plants, numerous batches in a 
wiped-film evaporator exceeded the 
Solvent specification limit, resulting in 
off-specification products. The pro- 
cess experts also observed a multi- 
year drift in quality as measured by 
the quality assurance laboratory. They 
suspected this problem resulted from 
a change in testing methods, but this 
hypothesis and the frequency of off- 
specification production needed to 
be investigated. 

A six-sigma analysis following the 
"define, measure, analyze, improve 
and control" (DMAIC) strategy was 
performed using the various ca- 
pabilities of self-service analytics, 
such as value-based searches, layer 
comparisons, statistical comparison 
tables, scatterplots, filtering and the 
recommendation engine. 

The team used scatter plots to 
easily track batch performances for 
insight about which batches were 


po 


Figure 2. Setting process monitors can give process experts early warnings when 
batch quality is off-specification 


outside of the acceptable operating 
zone. Multiple differences between 
the plant's on-specification and off- 
Specification production campaigns 
were found, which convinced them 
that long-term changes had been 
occurring in the process. Further in- 
vestigation allowed the process ex- 
perts to rule out the misreading of 
flowmeters, and they found a non- 
negligible offset between measured 
and true pressure. 

With self-service analytics, the 
process experts completed a faster 


root-cause 
analysis on a 
much larger 
data set. They 
were also able 
to identify dif- 
ferences in the 
subtle pres- 
sure read- 
ings and thus 
call for more 
tests to be 
conducted. 
Based on 
these find- 
ings, quality improvements were 
realized within days after making 
process changes. 

Using new technology like self- 
Service analytics can effectively ad- 
dress process challenges and vastly 
improve production. Huntsman un- 
derstands this. Now, its teams of 
process experts have a continuous, 
constant view of production, result- 
ing in more profitable and efficient 
production management in a highly 
competitive market. | 

Edited by Mary Page Bailey 
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New Products 


Digitize weighing processes with 
this balance and software 

The combination of XPR series bal- 
ances and LabX Software (photo) 
enables users to digitalize laboratory 
weighing processes and ensure ac- 
curate results, full traceability and 
data integrity LabX Balance soft- 
ware integrates fully with laboratory- 
information systems, such as chro- 
matography software, and enables a 
seamless flow of data throughout the 
entire analysis workflow. LabX sends 
weighing results directly to where the 
weight values are required for subse- 
quent analyses and ensures trace- 
ability back to the starting point. Now 
available in Version 12, LabX software 
guides users through SOP workflows 
on all connected XPR Balances, in- 
cluding the new XPR automatic bal- 
ance, to ensure every operator follows 
the same procedures. — Mettler-To- 
ledo GmbH, Greifensee, Switzerland 

www.mt.com 


A new rupture disc is 

ASME BPE compliant 

The new IntegrX-HPX rupture disc 
(photo) addresses the need to im- 
prove process performance, reliability 
and safety within the biopharmaceu- 
tical industry. The IntegrX-HPX com- 
bines the unrivaled performance of 
the company's HPX with ASME BPE 
(bioprocessing equipment) compli- 
ant crevice-free design, removing the 
need for integral seals. Manufactured 
and tested to optimize service life and 
performance, the IntegrX-HPX is a 
Semi-circular, scored, reverse-acting 
rupture disc is suited for cyclic process 
conditions from full vacuum to 9596 of 
the stamped rating. With the disc built 
into a cartridge, the robust welded de- 
sign of the IntegrX-HPX mitigates the 
impact of downstream piping loads 
on the disc burst pressure and over- 
all performance. — Continental Disc 
Corp., Liberty, Mo. 
www.contdisc.com 


Bringing artificial intelligence to 

asset-performance management 
The launch of Ability Genix Asset 
Performance Management (APM) 
Suite (photo) brings next-generation 
artificial-intelligence (Al)-based pre- 
dictive maintenance, asset reliability 


and integrity insights to the chemical 
process and utilities industries. Genix 
APM is an enterprise-grade applica- 
tion to monitor assets, prescribe main- 
tenance actions, improve equipment 
utilization and support lifecycle analy- 
sis and capital planning. By assessing 
the remaining useful life of industrial 
assets, Genix APM generates a plan 
for preventive maintenance, which can 
extend equipment uptime by as much 
as 50% and increase asset life by up 
to 40%, says the company. The Genix 
APM Suite makes it easy to add condi- 
tion monitoring to existing operational 
technology (OT) landscapes, enables 
prioritization of maintenance activities 
based on Al-informed predictions and 
provides a comprehensive overview 
of asset performance. — ABB Ltd., 
Zurich, Switzerland 

www.abb.com 


Raising the bar for 

heat pumps up to 95°C 

The RedGenium heat pump, combined 
with the new Grasso V XHP reciprocat- 
ing compressor (photo), enables the 
provision of temperatures of 95°C with 
high efficiency. In addition to the tem- 
perature advantage, the largest V XHP 
compressor also offers almost double 
the capacity compared to previous 
models. The new system is well-suited 
for many processes with high heat-load 
requirements. Electrically driven heat 
pumps can replace conventional fossil- 
fuel-based heating systems. They use 
either available process waste heat or 
other heat sources from the environ- 
ment and transfer the heat to a high 
temperature level. — GEA Group AG, 
Düsseldorf, Germany 

WWW.gea.com 


Web-based platform streamlines 
molecule discovery chemistry 
Last month, this company released 
Torx Test and Torx Analyze (photo) to 
complete the Torx platform — a single 
web-based solution that enables drug 
discovery teams to work together, 
share knowledge, manage resources 
and track progress throughout the 
design-make-test-analyze (DMTA) 
workflow. Torx Test connects chemists 
and assay scientists to enable seam- 
less scheduling, management and 
results delivery for biological, physico- 
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chemical and other assays. It removes the administrative 
burden from the testing process by providing a platform 
to submit requests upon compound registration, as well 
as followup requests from Torx Make and monitor prog- 
ress in realtime. Torx Analyze combines 2D and 3D analy- 
sis of molecule data loaded from corporate databases 
with the extensive information sharing and molecule de- 
sign capabilities of Torx Design. — Torx Software Ltd., 
Cambridge, U.K. 

www.torx-software.com 


New touchscreen coulometer 
for gas-stream analysis 

The CM5016 C/S coulometer 
(photo) provides highly accurate, 
absolute determination of car- 
bon or sulfur content in any gas 
stream containing COs, SO» or 
H5S. The coulometer is used as 
the detector with a sample-acid- 
ification front-end unit, detecting 
carbon or sulfur (or both) in the 
range of O.01ug to 100 mg. The CM5016 coulometer is 
equipped with a new 12-in. touchscreen display assembly 
for enhanced user interface. — UIC, Inc., Joilet, Ill. 
www.uicinc.com 


Manage the automation lifecycle of 

water and wastewater units 

The newest release of the EcoStruxture Automation Ex- 
pert system, Version 21.2 (photo), provides complete life- 
cycle management, seamless integration of IT/OT services 
and improved system diagnostics for automation systems 
in water and wastewater treatment plants. EcoStruxure 
Automation Expert allows 

for automation software 

to be separated from the 
hardware, providing more 
versatility for enterprises to 
break their dependency on > 
proprietary hardware sup- Schneider Electric USA 
pliers. EcoStruxure Automation Expert aims to provide a 
single platform that evolves with time for water and waste- 
water subsegments, including: treatment infrastructures 
(including desalination plants and industrial wastewater), 
network infrastructures and other water resources, such 
as irrigation systems. EcoStruxure Automation Expert of- 
fers seamless connection to many engineering software 
platforms, so new designs or changes can be validated 
virtually. — Schneider Electric USA, Andover, Mass. 
www.se.com/us 


Fast, safe integration 

of Ex i isolators 

The pac-Carrier 9295 (photo, p. 23) is a new, space-sav- 
ing integration solution for this company's 12-mm ISpac 
Ex i isolators. This significantly simplifies the installation 
and wiring of isolators to input/output (I/O) cards in au- 
tomation systems from all manufacturers. Prefabricated 
connecting cables reduce the risk of wiring errors. Further- 
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more, the installation time is reduced by up to 4096 thanks 
to the isolators' tool-free mounting, says the company. 
This integration solution is particularly suited for projects 
involving a high number of channels. The new pac-Car- 
riers are available in 8- and 16-slot versions, thereby en- 
abling up to 32 signals to be 
connected. The variant with 
eight slots is only 110 mm 
wide. An additional HART mul- 
tiplexer coupling only requires 
36 mm of extra space. ISpac 
devices and the pac-Carriers 
are approved for use in Zone 2 
decentralized installations. The 
pac-Carrier can also be used for functional safety appli- 
cations up to safety integrity level (SIL 3). — R. Stahl AG, 
Waldenburg, Germany 

www.r-stahl.com 


New clarifier has a large settling area 

within a small footprint 

The Leopold Texler lamella clarifier (photo) for water treat- 
ment uses a series of inclined lamellas designed to fit into 
rectangular clarification basins, providing a large settling 
area within a small footprint. With its efficient removal of 
solids, the clarifier attains very low turbidity levels and 
improves the filterability of water. The lamella sheets are 
installed at a 55-deg angle, increasing the treatment ca- 
pacity by up to 100% compared to conventional sedi- 
mentation systems, says the manufacturer. Solids settle 
without blocking the pathway of the water. The unique 
trough covers have an inte- 
grated weir design to ensure 
even flow distribution through- 
out the length of the clarifier. 
Texlers lamellas are made 
from a hydrophobic geotex- 
tile high-density polyethylene 
(HDPE) that has water-repellent and flexible properties 
to prevent sludge accumulation on the lamella sheets, 
reducing the need for regular cleaning. — Xylem Inc., 
Rye Brook, N.Y. 

www.xylem.com 


Enhance EHS compliance and 
education with this new learning system 
This company launched a new learning management 
system (LMS) with expanded capabilities for increased 
flexibility, functionality and scalability. The new LMS will 
also integrate the SAP Litmos tool as part of its offering. 
With an easy-to-navigate user interface, and simplified 
administration and content management, the new LMS 
offers a wealth of learning content related to environmen- 
tal, health and safety (EHS) compliance. The new system 
also includes robust and flexible reporting, as well as so- 
cial learning and gamification features with badging and 
leaderboards. — DuPont Sustainable Solutions (DSS), 
Wilmington, Del. 
www.dsslearning.com E 
Mary Page Bailey and Gerald Ondrey 
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Facts At Your Fingertips 


Cake Filtration Basics 


Department Editor: Scott Jenkins 


iltration is arguably the most 
[ms unit operation in the 

chemical process industries 
(CPI). Filtration processes can be di- 
vided into three broad categories: 
cake filtration, where the incoming 
Slurry contains enough solid material 
to form a cake on the filter medium; 
Clarifying filtration, which involves 
feeds with solids levels that are too 
low to form a cake and where the 
Solids become embedded in the fil- 
tration medium; and crossflow filtra- 
tion, where the feed flows parallel to 
the filtration surface, rather than the 
conventional perpendicular flow. This 
one-page reference summarizes the 
basic operation and mechanism for 
cake filtration processes. 


Cake formation 

In cake filtration, feed is introduced 
upstream of the filter, and a layer 
of solids is deposited onto the sur- 
face of the filter medium. Some of 
the particles in this layer of mate- 
rial bridge the gaps between the fi- 
bers of the filter medium, a process 
known as bridging. Subsequently, 
new particles are deposited onto this 
existing layer, forming a second layer 
of solids. The concept is depicted in 
Figure 1a, where the dark circles rep- 
resent the solid portion (for example, 
fibers) of the filtration medium, and 
the gaps between the circles denote 
the flow path for filtrate. The process 
continues, with new solids forming 
additional layers adjacent to solids 
already deposited, and in this man- 
ner, a cake forms. Rather than the 
actual medium, the cake itself acts 
as the filtration medium, determining 
the quality and flowrate of the filtrate. 
The role of the actual medium is only 
to support the cake. 

Cake filtration is suitable only for 
feeds containing enough solids to 
form a cake — at least 1 vol.%. High- 
er levels of feed solids lead to better 
results, including improved bridging 
and more porous cakes. 


Media types 
There are a variety of media available, 
including paper, textiles, polymers, 
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FIGURE 1. In cake filtration (a), the separation takes place on a buildup of Ht. (cake) on e filter 
medium. In some cases (b), more than simple size exclusion may be involved 


and even wire screens. Among the 
materials used are polyolefins, nylon, 
polyester, acrylics and fluorocarbons. 
Both woven and nonwoven media 
are employed, over a wide range of 
porosity. When selecting a medium, 
consider mechanical strength, chemi- 
cal compatibility with the process ma- 
terial, temperature tolerance, ease of 
cleaning and porosity. If the medium 
is too coarse, solids may become 
lodged in the openings, leading to 
blinding. In other cases, solids may 
not be retained and bridging may not 
occur. Conversely, a medium that is 
too tight will impose an unnecessary 
restriction to liquid flow, leading to re- 
duced productivity. 


Filtering soft solids 

Solids that are soft, slimy or gelati- 
nous tend to pack tightly, forming 
cakes of low permeability. This prob- 
lem can be alleviated by the addi- 
tion of a small amount of filter aid to 
the feed slurry. Filter aids are inert, 
highly porous materials that act to 
separate blinding solids, leading to a 
more open cake and in turn a higher 
filtration rate. Filter aid added directly 
to the slurry is known as body feed. 
Alternatively, prior to introducing the 
feed slurry, a layer of filter aid can be 
deposited onto the filtration medium 
to form what is known as a precoat. 


Filter aid 

Several types of filter aid are available. 
Most common is diatomite (diatoma- 
ceous earth), the skeletal remains of 
single-cell algae, composed primarily 
of silica. Diatomite offers the highest 
clarity of all types of filter aid. Another 


option is perlite, which is milled vol- 
canic glass composed mainly of po- 
tassium aluminum silicate. Because 
perlite is not as tortuous as diatomite, 
the high clarity levels achievable with 
the latter are not possible. Neverthe- 
less, perlite may be more cost effec- 
tive than diatomite for separation of 
coarse particles. This is because the 
density of perlite is lower, so that less 
material is needed to form a precoat 
of a given thickness. Other types of 
filter aid include expanded cellulose. 


Cake filtration mechanism 

A filter precoated with diatomaceous 
earth (DE) is represented in Figure 1b. 
This diagram shows how filtration by 
simple size exclusion may be an over- 
simplification. At the top of the figure, 
rigid particles larger than the open- 
ings in the DE precoat are retained, 
while smaller ones pass through, con- 
Sistent with expectations. However, 
the compressible nature of the large, 
Soft particles shown in Figure 1b al- 
lows them to squeeze through, even 
though the particles are smaller than 
the openings. 

The sub-micron, non-haze particles 
shown in the figure also are not re- 
tained, but this is expected because 
these particles are smaller than the 
pores in the cake. On the other hand, 
the sub-micron haze particles seen 
at the bottom of the diagram are re- 
tained even though they are larger 
than the openings. This is attributable 
to some mechanism other than phys- 
ical exclusion, perhaps electrostatic 
or hydrophobic interaction. El 
Editor's note: This column is an excerpt of the following article: 


Gabelman, A., An Overview of Filtration, Chem. Eng., November 
2015, pp. 50-58. 
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Technology Profile 


Production of Citric Acid 


By Intratec Solutions 


itric acid is a naturally occur- 
ring tricarboxylic acid com- 
monly found in plants and 
animals (Figure 1). In its pure 
form, it is a colorless compound read- 
ily soluble in water. Citric acid is main- 
ly used to add taste to food and soft 
drinks, and as acidulant for dietary 
supplements and pharmaceuticals. It 
is also used as the following: an an- 
ticoagulant; mineral flotation agent; 
industrial cleaning/electroplating/an- 
odizing reagent; animal food additive 
(digestion aid); and water treatment 
agent. Citric acid can be used in the 
manufacture of other products, in- 
cluding: dibasic ammonium citrate; 
ammonium ferric citrate; calcium ci- 
trate; citrazinic acid; citrated fatty acid 
glycerides; lithium citrate; potassium 
citrate; sodium citrate; tri-n-butyl ci- 
trate; and triethyl citrate 
Citric acid can be obtained from 
natural sources (for example, lemons, 
limes and oranges) and can be syn- 
thetically produced either via chemi- 
cal reaction or microbial fermentation. 
Large-volume industrial production of 
citric acid, however, is based almost 
exclusively on microbial fermentation 
of a carbohydrate substrate, in which a 
strain of Aspergillus niger is employed 
to convert sugar to citric acid. Raw 
materials commonly used are molas- 
ses, sugar (raw beet, refined beet), 
cane sugars, syrups (prepared from 
wheat, corn, potato or other starch). 


Production process 

Citric acid production from corn 
starch. comprises three major sec- 
tions: (1) corn starch saccharification; 
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(2) fermentation; and (8) products 
treatment (Figure 2). 

Corn starch saccharification. Corn is 
fed to hammer mills to be crushed into 
acoarse grind meal containing all kernel 
components. This meal is routed to a 
liquefaction vessel, along with hot pro- 
cess condensate and alpha-amylase 
enzymes. The corn starch is enzymati- 
cally hydrolyzed, producing maltose 
and higher oligomers. The slurry from 
this step is sent to a saccharification 
tank, where it is mixed with gluco-amy- 
lase enzymes, which cleave the maltose 
and higher oligomers into glucose. 
Fermentation. Glucose is mixed with 
process water, nutrients and ammoni- 
um nitrate, and fed to the fermenters. 
Fermentation is performed in fed- 
batch mode and under aerobic pro- 
cess conditions in agitated, jacketed 
fermentors. After glucose exhaustion, 
the batch phase is finished, and the 
fed-batch phase is started. During the 
fed-batch phase, glucose and nutri- 
ents are continuously supplied. 
Products treatment. After the fer- 
mentation step, the fermentation 
broth is sent to a rotary vacuum fil- 
ter, separating non-fermented bio- 
mass (which is sent to a wash step) 
from a liquid stream containing citric 
acid that is routed to the evaporation 
stage. The biomass is centrifuged and 
washed for citric acid recovery, which 
is sent to evaporation, while the bio- 
mass cake is dried in a rotary dryer, 
generating dried distillers grains with 
solubles (DDGS) byproduct. In the 
evaporation step, the broth is con- 
centrated, and then sent to chro- 
matographic separation equipment to 
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FIGURE 2. The diagram shows a process for making citric acid by fermenting corn sugars 
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FIGURE 1. Citric acid is used in a variety of appli- 
cations, including for taste in foods and beverages 
remove biomass residues, while the 
vapor is condensed and recycled to 
the liquefaction area. The citric acid 
solution is then fed to ion-exchange 
column for separation of magnesium 
and potassium ions, and to a crystal- 
lizer, forming citric acid crystals, which 
are routed to a vacuum filter to be sep- 
arated from the mother liquor. Most of 
this liquor is returned to crystallization 
upstream, but a fraction of it is purged 
to avoid impurities build-up. The solid 
citric acid cake is directed to a rotary 
dryer to remove residual water, then 
sent to blending silos and packaging, 
from which bulk and bagged citric 
acid are obtained, respectively. 


Product grades 

The uses and applications of citric acid 
vary according to the product grade. 
The main forms of citric acid are: U.S. 
Pharmacopeia (USP) grade; reagent 
grade; and monohydrate grade. This 
organic acid may be produced in 
crystalline form, anhydrous, with sev- 
eral granulations; or in solutions with 
different concentrations (for example, 
5096 w/w), with grades varying in ap- 
pearance, purity and color. 


Editor's note: The content for this column is developed by Intratec 
Solutions LLC (Houston; www.intratec.us) and edited by Chemical En- 
gineering. The analyses and models presented are based on publicly 
available and non-confidential information. The content represents the 
opinions of Intratec only. 


1. Grinding mills 

2. Liquefaction 

3. Saccharification 

4. Fermentors 

5. Biomass separator 
6. Biomass washing 
7. Biomass drying 

8. Evaporator 

9. Chromatographic separation 
10. lon exchangers 
11. Crystallizer 

12. Vacuum filter 

13. Citric acid dryer 
14. Cooling tower 

15. Boiler 

16. Chiller 


CW Cooling water 
ST Steam 
CHW Chilled water 
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Part 1 


Unlocking Hydraulic 
Limits in a Hevamp 


Follow the practical tips discussed here to accelerate hydraulic revamp projects and increase 


the success rate 
Nattapong onducting a thorough hydraulic of revamp projects, where a design engineer 
E check is a crucial part of a suc- should seek to exploit every bit of design 
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ADDITIONAL TIPS 


cessful plant revamp. Depending 
on the remaining margin of the 
hydraulic system, a certain degree of modi- 
fications may be required to accommodate 
a new unit throughput or configurations. 
Conventional hydraulic calculations can 
be time-consuming, involving engineering 
documents, possibly with expensive hy- 
draulic calculation software. This article pro- 
vides helpful tips to significantly reduce the 
person-hours required for hydraulic review. 
Also, unorthodox, yet practical, methods 
for equipment sizing will be demonstrated 
as fast-track solutions to unlock hydraulic 
constraints at a chemical process industries 
(CPI) facility. These tips and methods come 
out of the author's experience as a plant op- 
erator and designer, and are illustrated with 
Several real-world examples. 


Real-life dilemmas 
As a former petroleum-refinery process en- 
gineer, the author had opportunities to work 
with multiple reputed design companies on 
different revamp projects. Surprisingly often, 
these companies applied hydraulic design 
criteria intended for new units to revamp 
projects without a thorough understanding 
of why these criteria were there in the first 
place. As shown in Table 1, many of these 
criteria, such as pressure drop per 100 m, 


are primarily m gt t 
based on eco- v 
nomics (capital i » 


expenditures 
versus operating 
expenses) and 
only intended to 
provide an eco- 
nomical solution 
to new unit de- 
signs. This ap- 
proach does not 
apply in the case 
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FIGURE 1. The photo on the left shows the inner pipe wall of a severely fouled fuel oil line. The 
photo on the right shows a tube bundle heavily fouled by asphalt and coke. Both examples are non- 
idealities illustrating why ideal hydraulic models deviate from reality 


margin to avoid costly equipment modifica- 
tions. It must be noted that piping changes 
are generally expensive and undesirable in 
most revamp projects. 

| would like to stress that conflicting with 
these hydraulic design guidelines does not 
mean your existing equipment cannot be 
used in revamp scenarios unless they are in- 
tegrity or reliability criteria (for example, ero- 
sion limit). More importantly, the economic 
justification is different here, as the invest- 
ment in the existing equipment has already 
been made. Utilizing existing hardware is 
always a better choice from a financial and 
practical perspective, thus requiring a careful 
hydraulic assessment. 

Another essential concept that was often 
missing is practicality. Many engineers from 
these design firms solely relied on theoreti- 
cal hydraulic calculations and ignored the 
real-world data, such as pressure survey 
data. While the author always offered test- 
run data (or the opportunity to do test run), 
many failed to use them properly. To make 
matters worse, some of these engineers 
confidently said that there was no such need 
for plant data, as they thought they could fig- 
ure out everything based on their computer 
Software. The author has experienced mul- 
tiple disastrous revamp projects that failed 
to meet the revamp objectives just because 
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TABLE 1. EXAMPLES OF LINE DESIGN CRITERIA TYPICALLY USED 
BY ENGINEERING COMPANIES 


Recommended 
high limits 
Item Detail APAh00 m, Velocity, 
bar/100 m = m/s 
1 Pump suction lines (bubble point fluid) ^ 0.11 1.8 
2 Pump discharge lines (carbon steel) 0.91 6.1* 
3 Amine piping (stainless steel) 0.34 9 
4 Reboiler inlet line 0.07 1.5 
*Integrity criteria 


Many of these values are based on economic criteria, while some are in- 
tended to ensure piping integrity 


the designer did not incorporate actual plant data and 
equipment performances during the design phase. 

Moreover, people tend to overly focus on rotating 
equipment. Throughout my experience with revamps, 
the suggestion has been made by former colleagues 
that solving hydraulic issues could be accomplished by 
replacing pumps and compressors. This notion is not al- 
ways the case, and could lead to a costly solution, like 
replacing a large compressor. Ask yourself if you would 
still replace a pump or compressor if you found that the 
inlet block valve was accidentally closed. More often 
than people think, pump and compressor issues do not 
result from the equipment itself. 

These situations might sound unreal to some readers, 
but they are based on true stories. Some people do not 
view through a different lens when dealing with revamps, 
regardless of how experienced they are. 


Theory versus reality 

Theoretical hydraulic calculations are undoubtedly good 
estimations, but it is important to remember that engi- 
neering assumptions or even hydraulic models them- 
selves (such as Darcy-Weisbach or Hazen-Williams 
models) may not perfectly represent the real world. For 
example, the hydraulic design assumptions listed in 
Table 2 might be reasonable for a new design. However, 
it does not mean that the hydraulic model developed 
using the same assumptions will reflect exactly what 
happens in the existing hydraulic system. 

This difference between theory and reality is the pri- 
mary reason why a design margin is always applied 
when designing a new piece of equipment or device. 
The margin accounts for any non-idealities and provides 
additional operational flexibility. Almost all process pip- 
ing, pumps and compressors are designed based on 
rated flowrates — typically 110-120% of normal. There- 
fore, 10-20% spare capacity may be available for the 
revamp operation. 

Some examples of non-idealities in hydraulic systems 
include fouling, corrosion, erosion and so on. A piping 
system or asset might be fouled (or corroded), thus af- 
fecting both actual pipe roughness and flow area to a 
certain degree (Figure 1). 

More interestingly, some revamp projects are effectively 
a remedy for a previous grassroots design that failed, so 
repeating the same mistakes by only relying on theories 
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NOMENCLATURE 


AP/100 m Pressure drop per 100 meters 

D Nominal pipe diameter 

NPSHa Available net positive suction head 

Cy; Flow coefficient 

%Travel Valve travel 

Qrevamp Actual volumetric flow rate for the revamp 
case 

S.G. Specific gravity at the corresponding operat- 
ing temperature 

96 Travelpase Valve travel for the base case 

Cy base Flow coefficient for the base case 

DP Ls Pressure drop across the control valve for the 
base case 

APrevamp Pressure drop across the control valve for the 
revamp case 

APrew equipment Pressure drop across the new equipment 

C revamp Flow coefficient for the revamp case 

96 Travelroyamp Valve travel for the revamp case 

Qerotal Total actual volumetric flowrate across the 
main control and bypass valve 

Orai Actual volumetric flow rate across the main 
control valve 

Qbypass Actual volumetric flow rate across the bypass 
valve 

C, total Total flow coefficient across the main control 
and bypass valve 

Cy main Flow coefficient for the main control valve 

Cy bypass Flow coefficient for the bypass valve 

APiotal Total pressure drop across the main control 
and bypass valve 

NP arti Pressure drop across the main control valve 

APpypass Pressure drop across the bypass valve 


Cy total,revamp 


Total flow coefficient for the revamp case 


Nol segs Pump's head for the base case 

AH margin Design margin for the pump’s head 

AHrevamp Pump's head for the revamp case 

AA nolytropic Compressor's polytropic head 

AHnolytropic,base  Compressor's polytropic head for the base 
case 

AHpolytropic,revamp Compressor's polytropic head for the revamp 
case 

ferm Actual inlet volumetric flowrate 

Qinlet, base Actual inlet volumetric flowrate for the base 


Qiniet, revamp 


case 


Actual inlet volumetric flow rate for the revamp 
case 


does not make sense. This situation further emphasizes 
the need to augment theoretical calculations with real- 
world data when one handles a revamp work. 


Test-run best practices 
One of the objectives of a unit test run is to determine 
the actual performance capabilities and constraints of 
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Flawed Practice Best Practice. 


FIGURE 2. To improve success and minimize 
capital cost, the author recommends the workflow 
illustrated on the right and avoiding that on the left 
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FIGURE 3. The relationship between C, and valve 
travel remains virtually the same for any hydraulic 
system, so it indicates hydraulic availability 


an existing system. Process calcu- 
lations and solution findings based 
only on theoretical equipment per- 
formance may be misleading. A test 
run is a perfect opportunity to unveil 
all underlying design margins, which 
might not be explicitly shown in the 
equipment datasheet. 

A good example is a typical pump- 
sizing workflow. Several parties, 
including the licensor, the EPC (en- 
gineering, procurement and con- 
struction contractor and pump 
manufacturer, often add design fac- 
tors (usually arbitrary and based on 
institutional knowledge) to each de- 
sign stage 

When assuming a typical design 
margin of 1096, the compounded 
design margin that results from each 
partys addition could be as large 
as 3396 (1.10 to the power of 3) by 
the time the pump is at the instal- 
lation site. It is not uncommon to 
See a pumping system with a highly 
throttled flow control valve. In some 
cases, one might need to replace or 
trim the impeller to improve pumping 
operation and save energy. 


TABLE 2. EXAMPLES OF EQUIVALENT 
LENGTHS FOR PIPING COMPONENTS 


Piping Detail Equivalent 
component length 
Gate valve Full bore 8-13 D 
Check valve Swing type 92-135 D 
Butterfly valve 8 in. and larger 20-40 D 
Elbow 90 deg, R= 1.5 D 13-20 D 
Tee Flow-through branch 60-72 D 


These numbers vary by organization and are primarily 
intended for the design mode 


Moreover, it is also highly beneficial 
to use the test run data to establish 
a base case for your revamp and im- 
prove the calculation accuracy. 

Ignoring the actual equipment and 
System performances can lead to 
a situation in which the maximum 
capacity of the existing equipment 
is substantially underrated or over- 
rated. Test-run data and observa- 
tions should be reviewed and dis- 
cussed with the concerned parties to 
avoid recommending a change that 
conflicts with the operational data. 
For example, the control valve was 
too small considering the past op- 
erational data, but it is not replaced 
during the revamp execution. In the 
worst-case scenario, the revamp 
could fail, as the designer may not 
address the real issues. 

Test runs should be conducted 
comprehensively at high unit 
throughputs to ensure that the pres- 
sure drop between the measurement 
locations is more significant than the 
error of the pressure instruments. As 
a best practice, preliminarily check 
your remaining margins before the 
actual test run. Simulating expected 
process conditions as a test-run 
guideline would be helpful. 

There is no harm in exceeding the 
design unit capacity. The real con- 
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straints are those observed in the 
field, such as valve travel or motor 
load, rather than design values on 
paper. As mentioned earlier, we are 
trying to utilize all hidden margins 
and define a new baseline here. If 
your existing hardware limits the 
maximum throughput, some ac- 
tions can be taken during the test 
run, for example, opening a bypass 
valve or starting a spare pump. 

Altering process conditions, such 

as raising the pressure or level of 
the suction vessel to increase pump 
discharge pressure and available 
net positive suction head (NPSHa), 
would also help. The author recom- 
mends incorporating past equipment 
inspection and reliability records into 
the analysis. 

This new performance baseline 
can be developed by measuring 
flows, temperatures and pressures 
with well-calibrated instrumentation 
and analyzing the process streams. 
Field measurements and checks are 
highly recommended when deemed 
applicable, such as a single-gage 
pressure survey. 

In addition to the aforementioned 
standard process variables, other 
test-run observations should also 
be documented, such as: control- 
valve travel and response; motor 
load/speed or turbine load/speed; 
signs of cavitation at pumps and 
control valves; vibration and noises; 
and others. 

Before using test-run data further, 
always verify, correct and reconcile it 
to improve data quality. 


Execution plan 

As mentioned previously, relying on 
theoretical calculations can lead to a 
costly revamp or even a total failure. 
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FIGURE 4. The diagram represents the hydrocracker feed system discussed in Example 1 with its new 


feed preheater 
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FIGURE 5. The graphs show determinations of C, pace and % Travel;yamp in Example 1. On the left is Valve 
A (linear — full-scale), and on the right is Valve B (equal percentage — magnified) 
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FIGURE 6. The diagram illustrates a wash-water injection system of a single-stage hydrocracker, as dis- 


cussed in Example 2 


The author recommends following 
the best practices illustrated in Fig- 
ure 2 rather than using 10096 paper- 
based calculations, which is gener- 
ally a flawed practice. 

In general, the revamp solution of 
hydraulic debottlenecking projects 
can be developed using the follow- 
ing approaches: 

Smart use of equipment's char- 
acteristics. The characteristics of 
the equipment or device are usu- 
ally well-defined, if not subjected to 
severe fouling or damage, and are 
practically independent of the hy- 
draulic system (such as the valve 
characteristic curves in Figure 3). 
In conjunction with good baseline 
data, these characteristics are more 
than adequate to check the hydrau- 
lic adequacy of the existing system 
or even design a new control valve 
or pump. This technique usually 
employs the simplest mathemati- 
cal equations (flow coefficient (Cj) 
equation and small amounts of 
process data, thus requiring mini- 


mal effort. The author recommends 
first trying this simple yet effective 
technique before setting up the full- 
hydraulic model. 

Using the fully-calibrated hydrau- 
lic model. ^s an initial step, a de- 
sign engineer must select a proper 
hydraulic model. For example, the 
Hazen-Williams equation is usually 
Sufficiently good to handle a water 
distribution system with a relatively 
smooth pipe surface. However, this 
equation is not valid for other fluids, 
therefore requiring the Darcy-Weis- 
bach equation. 

Whenever this approach is inevi- 
table, a designer should systemati- 
cally calibrate the hydraulic model. 
Typically, the modeler has to adjust 
multiple tuning parameters to match 
the actual data. These parameters 
include the following: 
ePipe 
rough- 


ness: Stream Qrevamp: m3/hour 
T h e Hotfeed 237.4 
values Coldfeed 782 
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from design guidelines rarely match 
reality due to fouling and corrosion. 
This parameter is particularly crucial 
for cast iron or aging piping systems 
e Effective pipe diameter: If the hy- 
draulic system is subject to fouling, 
the modeler can also adjust the ef- 
fective pipe diameter 
* Resistance coefficients and equiv- 
alent lengths for piping components: 
Different design guidelines suggest 
different values (as highlighted in 
Table 2). Which one are you going 
to trust? There is no harm in tuning 
these parameters 

As a minimum requirement, the 
calibrated hydraulic model should 
be able to fit two sets of data. If it 
fails to do so, it usually means the 
tuning parameters are inappropri- 
ate, therefore requiring recalibration. 
Note that a model calibration does 
not have to be perfect, but should 
be at least good enough for deci- 
sion-making. 


Example cases 
To better understand how both ap- 
proaches work, the following real- 
world examples are discussed here. 
1. Hydrocracker feed preheater. In 
this example, a new feed preheater 
was to be designed and installed dur- 
ing the refinery turnaround to reduce 
the energy consumption of a hydro- 
cracker unit. As illustrated in Figure 
4, a mix of two liquid feed streams 
will be heated up by a hot diesel 
product from a diesel hydrotreater. 
Subsequently, this mixed-liquid feed 
Stream must go through two stages 
of filtration to remove solid particu- 
late matter, which can plug the front 
beds of the hydrocracking reactor. 
This new feed preheater must 
fit into the existing system without 
causing flow-control issues. As a 
general guideline, Valve A and Valve 
B in Figure 4 should have %Travel 
less than 80, a typical maximum 
96 Travel for reasonable flow control. 
In this case, the refinery con- 
ducted a test run at desired revamp 
flowrates (Qreyamp) and with the fil- 
ters maximum allowable pressure 


TABLE 3. TEST-RUN DATA FOR A NEW PREHEATER DESIGN 


%Travelbase — Temperature,?^C S.G. 
26.4 158 0.818 
10.0 141 0.820 


30 


FIGURE 7. The location of the injection point dis- 
cussed in Example 2 (highlighted by the red circle) 
challenges modification 


FIGURE 8. The graph shows the determinations of 
% Travel;eyamp for a full-bore 2-in. control valve, as 
discussed in Example 2 


drops as the worst-case scenario 
(see Table 3). Note that Qreyamp for 
each stream is based on the specific 
gravity at the corresponding operat- 
ing temperature. 

Instead of performing a detailed 
calculation, the characteristics of 
control valves can alternatively be 
utilized to save substantial effort re- 
quired for the hydraulic review, as 
described in the following steps: 

1. First, determine the baseline flow 
coefficient (Cy pase) from the baseline 
valve travel (?6Travelp4se) as graphi- 
cally illustrated in Figure 5. Typically, 
these C, data can be obtained from 
vendors literature, (for example, 
Fisher's Catalog 12). 

2. The next step in the streamlined 
calculations is to find a baseline pres- 
sure drop (APpase) using Equation 1. 


AP, base — (Qrevamp” S.G.) / (Cy base)? 


3. After determining APpase from 
Step 2, calculate a revamp pres- 
sure drop (AP evamp) from Equation 2 
based on a pressure drop of the new 
heat exchanger and associated pip- 


ing (APhew equipment): 


AP, revamp — AP base - AP new n) 


4. Back-calculate a revamp flow co- 
efficient (Cy revamp) from Equation 3 
based on APreyamp 

Cv revamp = Qrevamp x 


VS.G. / APrevamp) (3) 
5. Lastly, back-estimate the revamp 
valve travel (%Travel-eyamp), as dem- 
onstrated in Figure 5 

Assuming a typical APrew equipment 
of 1.5 bar, the calculation (estima- 
tion) results of the above steps can 
be summarized as per Table 4. 

From Table 4, the existing system 
has adequate hydraulic availability 
to accommodate the new feed pre- 
heater with %Travelreyamp less than 
80 for both Valves A and B. 

Besides this case study, one can 
also apply this technique to similar 
revamps, such as adding a new ad- 
sorber/filter into the existing system. 
2. Increased wash-water flow. An 
air-cooled heat exchanger of a sin- 
gle-stage hydrocracker unit suffers 
from ammonium salt corrosion. From 
a separate study, it was determined 
that the wash-water flowrate should 
be increased from 150 to 200 m3/d 
to correct corrosion problems by al- 


stant at 28.5 barg. 

The whole piping system is made 
of a sour-service steel grade (which 
is expensive and requires a long lead 
time) and located on a high platform 
(Figure 7), making piping replace- 
ment unattractive. 

The control and bypass valve are 1 
in. (Ve-in. trim), with the line size of 2 
in. for the concerned piping section. 
These facts suggest that one can still 
upgrade the control valve to accom- 
modate more wash-water flow. It is 
not uncommon to see a piping sys- 
tem with a smaller control valve (and 
even smaller trim size). 

Where applicable, the author rec- 
ommends using the mathematical 
relationship proved below along 
with the test-run data to size the 
new control valve. As previously 
mentioned, one can always con- 
sider opening a bypass valve to 
overcome hydraulic limitations dur- 
ing the test run. 

In principle, the total flow to the in- 
jection point (Qipta)) is a sum of the 
flow across the main control valve 
(Qmain) and the bypass valve (Qpy. 
pass) aS per Equation 4. 


(4) 
By employing a liquid-phase flow 


coefficient equation, one can rewrite 
Equation (4) as: 


Qtotal = Qmaint Qpypass 


C, total V(AP. total! SG) - C main 
V(AP, main/ 9.G.) * C, bypass 
V(APpypass/S-G.) (5) 


In reality, all pressure-drop terms 
(APmains APpypass, and AP) are 


locating wash water from another practically identical. As  demon- 
parallel injec- 

tion point, as 

illustrated in 

Figure 6. As 

a precaution, 

the wash- Desa Side Svipper 

water flowrate ee 

must be below > STU E dn 

215 mS9/d to tainting Pamp 1 

prevent ex- g hon T —— ASI 
cessive  ero- niang Pump 

sion. For this 7 Mediem Presum Stam Cooteg Water Return 
injection point, s 


the operating 
pressure is 
relatively con- 


FIGURE 9. The diagram shows the scheme discussed in Example 3 of the existing 
diesel rundown system, with the third pump highlighted in green 
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—C Single Pump 


DH core 


] Tee Pumps in Paratel 


STEP 1 2 


Component C, base APpase 


H 
(J 100 200 300 400 500 
Q m3/hour 


Valve A 1.90 bar 
Valve B 4.06 bar 


180.0 
40.6 


1-in. control valve. In this case, 
a full-bore 2-in. valve could be a 
good fit. From Table 5, the total 
flow coefficient of the revamp 
case (Cy total,revamp) IS 9.14. Con- 
sequently, the travel of the new 
« control valve  (%Travelreyamp) 
would be 47, as highlighted in 


FIGURE 10. The graph shows the AApace and AH;eyamp esti- Figure 8. 


mate, as discussed in Example 3. A composite pump curve 


(blue) represents parallel operation 


strated in the previous example, the 
designer can apply the same method 
to determine the flow coefficient for 
the main control valve (Cy main) and 
bypass valve (Cy bypass). Accordingly, 
one can estimate the total flow coef- 
ficient for each scenario (C, tota) from 
Equation (6). 


(6) 


Besides liquid-phase applications, 
Equation 6 also applies to other ap- 
plications, such as gas phase or 
steam. During the test run, the by- 
pass valve was opened to explore 
the maximum wash-water rate at 
this injection point. Table 5 summa- 
rizes the test-run data and calcula- 
tion results. 

Although opening a bypass valve 
can achieve the revamp flowrate, 
it can also lead to undesired situ- 
ations, including vessel overflow. 
As such, a design engineer has no 
choice but to upgrade the existing 


Cy total = Cvmain + Cv bypass 


Increase line size from 30 to 36" 


Increase line size from | 
24 to 30" | 


Crude Distilation Unit. 


[Base — [0.17 barg ] 
Revamp [021 barg |; 1" Stage Overhead Compressor 


J Knockout Orum 
| 


3. Increased diesel produc- 
tion. Diesel has the highest value 
among all products from a middle- 
distillate-oriented hydrocracker. Pri- 
marily, the petroleum refinery in this 
example tries to minimize the cut 
point between kerosene and diesel 
to maximize its diesel production. 
Unfortunately, the existing diesel 
pump limits the diesel production at 
199.4 m3/hr from a high motor load. 
According to the refinery econo- 
mist, the diesel production capacity 
should be expanded to 226.0 m3/ 
hr (at the pumping temperature). 
Possible solutions include either re- 
vamping both existing diesel pumps 
or adding a third larger pump. 

Installing one pump is obviously a 
less expensive solution than replac- 
ing two pumps. In the end, the refin- 
ery decided to install the third larger 
pump (Figure 9). This new pump will 
be the main workhorse, with the ex- 
isting pumps as spares, and will be 
offline only when there is low diesel 
load. 

As pointed out earlier, diesel is the 
most expen- 
sive refin- 
ery product. 
Therefore, the 
refinery often 
ran both ex- 
isting pumps 
in parallel to 
maximize die- 
sel produc- 
tion. The only 
problem with 
this operation 
is that the ex- 


Amine 
Absorber 


* 


Increase line size from 18 to 20* 


FIGURE 11. The illustration shows the crude distillation overhead system in Exam- 
ple 4. One can consider reducing the suction pressure drop as a fast-track solution 
to unload the overhead compressor, as highlighted here 


isting pumps 
cannot be 
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TABLE 4. CALCULATION/ESTIMATION RESULTS FOR STEPS 1 TO 5 


3 4 5 

APrevamp C revamp %Travelrevamp 
0.40 bar 391.8 54.0 

2.56 bar 51.1 12.6 


offline for regular maintenance. Fur- 
thermore, the liquid level inside the 
diesel-side stripper was sometimes 
unstable when the diesel hydrotreater 
was run at high throughput (two die- 
sel streams from both units join to- 
gether), forcing the refinery to reduce 
diesel production, due to the unstable 
level control valve. 

As the worst-case scenario, the 
design engineer conducted the test 
run at the design revamp flowrate 
(Qrevamp: 226.0 m9/hr) with the diesel 
hydrotreater at its maximum through- 
put. During the test run, both diesel 
pumps were in parallel operation, with 
% Travel of the level control valve at 95 
(less than 80 is preferable). Based on 
Qrevamp: the baseline pump's head 
(AHbase) is 159.7 m, as graphically 
determined from Figure 10. 

This diesel rundown system con- 
sists of long and complex pipelines, 
plus multiple heat exchangers, thus 
requiring challenging and expensive 
demolition work during the turn- 
around if it was modified. Hence, 
the new diesel pump will be sized 
so %Travel of the level control valve 
is around 60, by including a design 
margin (AHmargin) as per Equation 7. 


(7) 


According to the study, the re- 
vamp pump’s head (AH;eyamp) must 
be 175.7 m to ensure good operabil- 
ity. In this case, a new relief valve is 
unavoidable due to higher shut-off 
pressure, but the additional cost is 
trivial considering the benefits. 

4. Improved diesel recovery. A 
crude-petroleum distillation unit suf- 
fered from high pressure, resulting 
in lower diesel recovery. As per the 
design, the suction pressure of the 
overhead compressor directly sets 
the column pressure (Figure 11). 
The pressure-control system var- 
ies %Travel of the discharge control 
valve to maintain a constant accu- 
mulator pressure. When the % Travel 
reaches 10096, for example, at a 


AHrevamp = AHbase + AH margin 


31 


32 


TABLE 5. TEST-RUN DATA AND CALCULATION RESULTS 
FOR THE WASH-WATER SYSTEM REVAMP 


pressure and stream com- 
position were recorded and 


Base Revamp Maximum verified as recommended in 
Q, m3/hour 150.2 200.6 210 the previous sections. In this 
%TraVEl main 48 91 100 case, a full hydraulic model 
%Travelyypass 100 100 100 D ded. 
Cymain o0 fu t3] tion, the hydraulic model 
Cy bypass 4.91 4.91 4.91 was calibrated and tested 
Cy total 5.91 9.14 9.82 against multiple sets of test- 


high vapor flowrate, the accumula- 
tor and column pressure become 
uncontrolled and increase with even 
higher vapor flow. In this case, there 
are two possible options to improve 
diesel recovery: revamp the overhead 
compressor; or reduce suction pip- 
ing pressure drop. 

Replacing the overhead compres- 
Sor would cost several million dol- 
lars. To avoid such a costly revamp, 
reducing  suction-piping pressure 
drop to free up compressor capac- 
ity may be considered. As suggested 
by Ref. 4, raising suction pressure 
is the most effective way to unload 
compressor capacity, compared 
with discharge pressure and suction 
temperature reduction, especially in 
lower-pressure applications, such as 
atmospheric distillation. This capac- 
ity unloading is mainly due to a re- 
duced gas volume from higher vapor 
density and increased condensation 
at higher suction pressure. 

In other words, the operating point 
is shifted to the left of the polytropic 
head curve (AHpoyrop;z, Figure 12), 
so the discharge control valve can 
retake control, such as with 96 Travel 
less than 80. 

As a first step, the design engineer 
conducted multiple test runs at high 
throughputs. Flowrate, temperature, 


iin i ies e m CO 
s 


7.7% increase 


18.5% unloading 


Quer 


Quos 


FIGURE 12. The graph shows how moving the operating point 
to the left of the polytropic head curve unloads the compressor 


discussed in example 4 


run data to ensure its valid- 
ity. 

As illustrated in Figure 11, it is 
possible to reduce the column's top 
pressure by 0.23 bar at the same 
accumulator pressure (with a total 
pressure drop reduction of 0.27 bar) 
by upgrading piping sections on the 
Suction side. In this case, the piping 
replacement costs one-sixth the cost 
of an overhead compressor revamp. 


Additional tips 

The following tips should also be con- 
sidered for revamps involving hydrau- 
lic limits: 

* One can always increase a pump's 
head by replacing the impeller. API 
610 requires that the casing of a new 
pump should be large enough to ac- 
commodate a larger impeller, so a 
5% head increase is possible. 

* |n contrast with general belief, the 
head rise to shutoff (from the rated 
point) could be as low as 5% for a 
single pump operation (and could be 
even lower as per Ref. 5). According 
to API 610, a minimum of 10% head 
rise is for pumps in parallel. None- 
theless, many EPC contractors 
adopt 10% as a design criterion for 
all scenarios. This misunderstand- 
ing could result in unnecessary 
modifications. For example, a de- 
sign engineer might need to add a 
relief valve into the existing 
system as the new shutoff 
pressure exceeds the piping 
design pressure from a sub- 
optimal head rise to shutoff. 
For revamp scenarios, the 
operating point tends to be 
on the far right of the head 
curve (near the maximum 
throughput). In other words, 
the operating point will not 
change that often, as the 
plant owner always tries to 
push the production unit to 
its limit. Therefore, a head 
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curve that is somewhat flat should 
be acceptable. 
* Always conduct a pulsation analy- 
sis (per API 674 and 618) before 
adding new parallel reciprocating 
equipment to avoid possible piping 
and structural failures. 
* Where can be applicable, design 
engineers should reuse equipment 
and devices that are no longer fit for 
their original service in a different ser- 
vice to minimize capital expenditures 
e When engineers exploit design 
margins, the equipment or device 
will operate closer to its limits, thus 
narrowing operating ranges. This 
risk may be managed by adopting 
better monitoring and control, such 
as, adding a digital positioner to a 
control valve. a 
Edited by Scott Jenkins 
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Hevamps and 
Hetrofits: A Path to 


‘Evergreen’ Facilities 


An intelligent approach to developing the scope of retrofit projects can allow facilities to remain 
competitive in the marketplace and meet regulatory requirements 


Alan McCurdy 
Valdes Engineering (ret.) 


imely and well executed ret- 
rofit projects are critical for 
most facilities in the chemi- 
cal process industries (CPI) 
as they strive to remain competitive 
players in the marketplace, meet 
the owner’s business needs and 
maintain regulatory compliance. 
Retrofit projects and new-facility 
projects lie on a spectrum, with the 
two having many similar require- 
ments and qualities (Figure 1). With 
a sustainable plan and schedule, 
retrofit projects can be accom- 
plished incrementally. The benefit 
of this approach is an “evergreen” 
facility that is responsive to busi- 
ness needs. This article focuses on 
scope development for revamp and 
retrofit projects, and presents many 
of the important considerations for 
undertaking a retrofit project. 


Retrofit versus revamp 

A “revamp project” replaces or up- 
grades equipment or systems to 
increase production capability or 
performance in an existing facility 
or industrial site. A "retrofit project" 
modifies, enhances, debottlenecks, 
or otherwise improves an existing 
entity, rather than involving the cre- 
ation of an entirely new entity. In con- 
trast, a new or "greenfield" project 
involves building a new facility on a 
new site (a greenfield), and is uncon- 
strained by existing facilities. For the 
purposes of this article, these proj- 
ect types (retrofits and revamps) are 
considered identical. 


Cost-benefit considerations 
There are many factors at play in de- 
termining the scope, as well as the 
costs and benefits for a retrofit proj- 
ect. The following are a set of ques- 
tions that should be worked through 
as the retrofit project begins. 

Does the retrofit involve a “re- 
placement-in-kind" of equip- 
ment? In cases where capital equip- 
ment may need to be replaced, it is 
often useful to start with how long 
the equipment has been in service. 
Most capital equipment is expected 
to have a 20-year minimum service 
life. If equipment is being replaced 
before the expected service life, 
determine whether there is a defi- 
ciency in design, reliability, perfor- 
mance, controls or installation. Here 
are some possibilities to consider: 

* The application might require a dif- 
ferent type of equipment 

eThe required reliability might demand 
a different metallurgy or service factor 
* The normal and peak operating re- 
quirements might exceed the equip- 
ment's rating 

* A more sophisticated control strat- 
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FIGURE 1. It is often the case that making im- 
provements to CPI facilities is more cost-effective 
than replacing them 


FIGURE 2. Improvements in equipment may re- 
quire changes to the plant's infrastructure 


egy might be required. For example, 
a pump with intermittent operations 
might require a discharge control 
valve, bypass line or variable-fre- 
quency drive to minimize pump starts 
and stops 
e The equipment installation might 
put excessive mechanical or hy- 
draulic stresses on the equipment or 
connections. For example, high tem- 
peratures can cause significant pipe 
expansion, which will require expan- 
sion joints, or a design that has ad- 
equate flexibility 
e For critical equipment, the schedule 
might require a replacement-in-kind 
while a longer-term solution is devel- 
oped and implemented 

These are only some of the factors 
justifying an “upgrade” instead of a 
"replacement-in-kind". 
Is the retrofit an upgrade or en- 
hancement project? |f the equip- 
ment has been in service for a sig- 
nificant period, have there been 
technological improvements since 
the last installation? Improvements 
in equipment design, reliability, per- 
formance and efficiency are gener- 
ally always occurring. For example, 
like automobiles and household ap- 
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pliances, industrial equipment has 
become automated, with significant 
benefits. Metallurgies have become 
more specialized, with alloys to re- 
duce corrosion. Piping and electrical 
standards might have improved. The 
connecting pipe and electrical ser- 
vice might need to be upgraded. 
Are safety or environmental per- 
formance upgrades required? 
Because they are already in opera- 
tion, certain processes at CPI facili- 
ties are exempt from new standards 
(that is, they are "grandfathered" 
into meeting the requirements of 
the new standard). However, if it is 
part of a retrofit project, a process 
might require upgrades for safety, 
efficiency or environmental perfor- 
mance. For example, environmental 
and reliability requirements might 
require some rotating equipment to 
have sophisticated shaft-seal sys- 
tems with barrier fluids. 

Have equipment manufacturers 
consolidated, relocated, or gone 
out of business? Equipment con- 
sidered “state of the art” twenty years 
ago, might not be available or might 
not meet current standards. 

Will infrastructure changes be re- 
quired? Improvements of new equip- 
ment might require an upgrade of the 
infrastructure (Figure 2). For example, 
automated equipment will need data 
connectivity. With different metal- 
lurgies and standards, the process 
and utility tie-in scope might need to 
include more pipe, electrical or con- 
trols scope. Different equipment de- 
signs might have different footprints, 
with different connections, support 
requirements and access points. If a 
process is being upgraded, the de- 
cisions become more complex. The 
Scope might require the upgrade of 
a system with increased or different 
utility requirements. 

Is the retrofit project a capac- 
ity increase or a debottlenecking 
project? A "bottleneck" constrains 
or limits a process. Bottlenecks can 
be identified in the manufacturing 
process by reviewing operating data 
and by modeling the process. An 
example is a manual drum-loading 
step in a manufacturing process. If 
a capacity increase is expected, the 
entire process will need to be evalu- 
ated to confirm the capacity is fea- 


sible. Review the current process 
and facility drawings, equipment and 
building layouts, and hazardous area 
classification drawings. 

Some examples of debottleneck- 
ing projects include the following: An 
automated bulk charging system can 
improve cycle times by reducing the 
process charging time. Installing a 
larger pump or heat exchanger may 
not provide a production increase if 
the process and utilities inputs and 
outputs do not meet the new equip- 
ment's requirements. Keep in mind, 
though that higher flows might re- 
quire larger pipe diameters to pre- 
vent high velocities (erosion) or high 
pressure drop (inefficiency). Also, 
heat exchangers are designed for 
certain fluid velocities for best heat 
transfer efficiency. As with piping, 
higher flows might require larger flow 
areas. Due to hydraulics and resi- 
dence time, processing vessels and 
towers have certain high- and low- 
flow requirements for best operation. 


Plan and scope development 
The next phase of the retrofit proj- 
ect involves developing process flow 
diagrams, piping & instrumentation 
diagrams (P&lDs) and layout draw- 
ings of the retrofit options. “Redline” 
changes should be made to the ex- 
isting facility design. These could in- 
clude changes to piping connections 
for utilities, vents, drains and con- 
trols. Also note changes to valves 
for operation, isolation and bleeds. 
Consider access for construction, 
operations and maintenance. 

The boundar- 
ies of a retrofit 
project need to 
be considered: 
In a retrofit proj- 
ect, the facility 
and support- 
ing utilities are 
expected to be 
reused (with 
maybe selec- 
tive upgrades). 
Otherwise, the 
project becomes 
a "new facil- 
ity” project, not 
a retrofit. As an 
analogy using 
houses, a retro- 


heater shown here 
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fit is "remodeling" not a "tear down" 
project. Installing more equipment in 
a fixed area will reduce operations 
and maintenance access. A larger 
footprint might encroach on set- 
backs from administrative areas and 
property lines. The existing facility 
will be reused, although the unit will 
likely be idled for the duration of the 
demolition (removal of replaced as- 
sets) and installation of new assets. 


Design and execution planning 
Planning is critical to any project's 
Success. Many of these require- 
ments are identical to any medium- 
to large-sized project, whether a 
retrofit or new facility. The design of 
the new retrofit assets needs to be 
integrated into the operations and 
maintenance procedures. Other- 
wise, there is a risk of unintended is- 
sues and inefficiencies. 

Consider the owner’s project re- 
sources. An owner has operating 
and maintenance staff with tasks and 
objectives assigned by management. 
Taking on project team responsibili- 
ties for a retrofit project will require a 
realignment of responsibilities. Engi- 
neering consultants can undertake 
the effort needed to support a retrofit 
project. However, the owner's per- 
sonnel will still need to support the 
consultant with operational knowl- 
edge and approve final decisions. 
The scope of new or reused infra- 
Structure needs to be balanced with 
cost, schedule and performance. 

In planning, plant engineers must 
be cognizant of the required design 


p 


36 


FIGURE 4. Prefabricated buildings, such as the 
control room shown here, may be prepared off-site 
and installed later 


standards and codes. They should 
ask whether there are performance 
and efficiency requirements for new 
or reused utilities, and environmen- 
tal systems. Also, there may be new 
or tie-ins to safety systems, such as 
new vents or relief valves, or tie-ins 
to exhaust systems. The operating 
environment and permitted opera- 
tions should also be considered for 
potential hazards. 

Normally, a process outage is re- 
quired to dismantle and remove the 
existing equipment before installing 
the new equipment (Figure 3). 

Projects may require changes to 
plant infrastructure, so the necessary 
tie-ins to piping, electrical and controls 
and utilities should be clear, as well as 
the need for potential new concrete 
and steel buildings for the storage 
and warehousing of raw materials or 
final product. There may be a need for 
new environmental systems. 


Infrastructure requirements 

If changes to plant infrastructure are 
required because of a retrofit proj- 
ect, there are several guidelines that 
should be followed. 

e Consider access requirements for 
operations and maintenance staff. 
Instead of ladders, platforms might 
be needed, for example, especially 
if tools and equipment are required 
at the access point. Davits or over- 
head rails might be needed for re- 
moval of equipment 

* Consider the impact of the infra- 
structure changes to owner's and 
external stakeholders. Where there 
are impacts, contact the appropriate 
owner stakeholder and evaluate the 


current environmental permit limits. 
Also, consider the current zoning of 
the owner's facility. Requirements 
waived due to grandfathering might 
be required for a retrofitted facility. If 
the amount of impervious surface is 
increased due to the infrastructure 
changes, then the stormwater runoff 
Systems need to be evaluated 

* Consider operator training and ap- 
propriate staffing levels (for startup 
and operations) 


MoC and risk review 
Whenever there are new processes 
being introduced or existing pro- 
cesses being revised, a manage- 
ment-of-change (MoC) approach 
should be used to systematically 
evaluate new and revised processes. 
At major project milestones, safety 
and risk reviews should occur, par- 
ticularly when making funding and 
permitting decisions. 


Procurement 

Planning is needed for the speci- 
fications, bidding and deliveries of 
critical equipment. The general best 
practice is to include the owner's 
purchasing agents early in the proj- 
ect schedule. At this stage, master 
Service agreements and terms and 
conditions for the project will need to 
be established. 

When making bid award decisions, 
the technical capabilities of the ven- 
dor companies involved should be 
carefully considered along with the 
pricing. Vendor construction, startup 
and follow-up support capabilities 
should be taken into account. 

When assembling a procurement 
plan, spare-parts inventories for 
new equipment should be a part of 
the process. 

Determine what items are "spe- 
cialties," which would be purchased 
individually with specifications, and 
what items are treated as "bulk," 
meaning they can be purchased by 
the construction contractor. 


Construction and startup 

Determine the schedule for proj- 
ect approval, design, procurement, 
construction and startup. Include 
outage planning also for retrofit 
projects. New facilities can be con- 
structed in parallel (or remotely) to 


an operating facility. 

For the construction schedule, the 
following items should be considered: 
* Appropriate level of off-site pre- 
work may be desirable, such as 
skid fabrication for equipment, pipe 
spools, prefabricated buildings and 
enclosures (Figure 4) 

* Consider logistics (road permits 
and access to the site) 

* Make piping tie-ins with valves at a 
more convenient time during a main- 
tenance outage 

* Make electrical tie-ins during main- 
tenance outages. For example, in- 
stall a motor starter or motor control 
center for project motors 

Remember that the construction 
contractor's personnel and equip- 
ment will need access to the facility 
for parking, administrative facilities 
and material laydown areas, as well 
as physical access for work 

The level of fabrication and con- 
struction inspections is important. 
Normally inspections are performed 
by either the owner's contractors or 
third-party contractors. There will be 
documentation requirements for the 
owner's regulatory groups and per- 
mitting requirement for municipalities 
and agencies. 

At the conclusion of the retrofit proj- 
ect construction, operations and main- 
tenance personnel will be needed for 
checkout, and construction personnel 
are needed to resolve punch-list item 
resolution. In addition, vendor person- 
nel will be needed for the startup of 
specialized equipment. gi 
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Feature Report 


Part 1 


Gear Pump Basics 


The versatile nature of gear-pump technology allows operators to handle multiple 


fluids in multiple applications 


Michael Coburn and Geoff 
VanLeeuwen 
PSG, a Dover company 


ump technology can be 

traced as far back as the 

B.C. era, when ancient 

Egyptians used a shadoof 
to move water from one source 
(in this instance, wells) to another. 
While basic in nature, this set the 
stage for others to follow, such as 
the ancient Greeks, who developed 
the first concept for a reciprocating 
pump, to Nicolas Grollier de Ser- 
viere, a Frenchman who created the 
early design for a gear pump near 
the back end of the 1500s. 

Pump technology has substantially 
evolved since those times and is now 
woven into the fabric of everyday life. 

Pumps can be found in a range 
of applications, such as tank trucks, 
Ships, trains, manufacturing plants, 
storage tanks and bulk storage fa- 
cilities, to name just a few. While 
water was one of the first liquids to 
be moved via pump, the technology 
has evolved to handle many other 
fluids. Gear pumps, for example, 
are designed to move an expansive 
range of critical commodities, includ- 
ing crude petroleum, biofuels, refined 
fuels, chemicals, solvents and food- 
grade materials. 

While many pumping technologies 
have been developed and optimized 
throughout history, the gear pump 
stands out for its versatility, effi- 
ciency and longevity. These pumps, 
which come in internal or external 
designs, have endured multiple ap- 
plications and fluids across time and 
continue to provide operators with 
several distinct advantages over 
comparable technologies. 

This article discusses those ad- 
vantages and explains why gear 
pumps remain a popular choice for 
operators across several sectors of 


the chemical process industries (CPI) 
when handling a range of liquids. 


Acloser look at gear pumps 
Gear pumps create flow by pushing 
liquid through a mesh of teeth from 
two or more rotating gears (Figure 
1) A drive shaft moves one gear, 
and that motion moves the other 
gear. The rotating gears form a liq- 
uid seal inside the casing, creating a 
vacuum at the inlet as the gear teeth 
separate. Liquid flows into the space 
and moves around the outer edge 
of the gears. Once the teeth meet 
again by the outlet, the gears force 
the liquid out. 

Gear pumps come with either an 
internal or external configuration. Ex- 
ternal gear pumps use two separate 
shafts to support two interlocking 
gears, which form a mesh at the cen- 
ter of the pump to move fluid along. 
External gear pumps are known to 
use either helical, spur or herring- 
bone gears to move liquid through 
the pump. 

A similar principle is used in the 
internal configuration, but with two 
interlocking gears of different sizes 
(Figure 2, left). The smaller gear ro- 
tates within the larger gear, which 
has cavities instead of protruding 
teeth. An idler pin and a bushing at- 
tached to the pump casing keep the 
smaller gear, also known as the idler, 
in an off-center position, allowing it 
to interlock with the external gear’s 
cavities. A fixed, crescent-shaped 
spacer serves as a seal between the 
pump's ports and fills the void from 
the smaller gear's off-center position 
(Figure 2, right). 

Consisting of few moving parts, 
gear pumps deliver a constant 
amount of liquid with each revolu- 
tion of their gears, with their tight 
clearances and rotational speed pre- 
venting slippage during operation. 
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Because the gears are rigid, these 
pumps create a smooth, pulse-free 
flow, while also being fully capable of 
handling high-pumping pressures, a 
necessary trait when handling high- 
viscosity fluids. 


Components (not) galore 

When looking closer at the advan- 
tages of gear pumps over similar 
pump technologies, it's best to start 
internally (Figure 3). Gear pumps do 
not have many moving parts, re- 
gardless of configuration. In the ex- 
ternal gear setup, two gears mesh 
to process liquid. Separate shafts 
support those two gears, which 
Serve as the primary components 
of the pump. Internal gear pumps 
consist of a rotor (larger gear) and 
an idler (smaller gear), as well as an 
idler pin, bushing and a crescent- 
shaped partition. 

In either setup, the number of 
components is minimal, mean- 
ing operators don't have to worry 
about having a massive stockpile 
of extra components on hand in 
case of failure. Having fewer com- 
ponents also means not having to 
worry about so many moving parts 
breaking down. Whether external 
or internal, both gear pump varia- 
tions do not require constant shut- 
downs to replace different compo- 
nents with varying lifecycles. 

When it comes to a shutdown for 


FIGURE 1. Gear pumps create flow by pushing 
liquid through a mesh of teeth from two or more 
rotating gears 
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vantage, as discussed 
with the tight clearances. 
While gear pumps typi- 
caly are made from 
stainless steel or cast 
iron, they are not limited 
to these materials. 

When handling highly 
abrasive fluids, gear 


Cresent 


EnviroGear 


the sake of maintenance, gear pump 
operators only have a few compo- 
nents to evaluate and service. This 
speeds up and simplifies the main- 
tenance process, giving operators 
more time to focus on other tasks 
instead of dedicating too much time 
to an array of moving parts with dif- 
ferent service requirements. 

Should a component, such as 
a gear, fail, operators only have to 
open the pump and replace the part 
and put it back online. This is a less 
tedious procedure compared with 
other pumping technologies. Addi- 
tionally, operators can service most 
gear pumps without removing them 
from the base, making it easier to 
service and put back online. 


Tight internal clearances 

When it comes to handling liquids 
of varying viscosities, tight internal 
clearances become essential to the 
success of the pump. Gear pumps 
are the kings of tight internal clear- 
ances, which makes sense given 
their composition. Once again, inter- 
nal or external configurations create 
close tolerances and suction due to 
their design. Meshing gears do not 
leave any room for slippage because 
of the tight fit. 

In gear pumps, the tightest clear- 
ances are found in the rotor/case, 
rotor/head and rotor/crescent mesh. 
Properly selected clearances insure 
efficient transfer of many liquids 
across a wide range of pressures 
and speeds. Aggressive liquids or 
liquids with solids can be accom- 
modated in many cases by opening 
clearances within the pump. Ex- 
amples of these include food-based 
products, paints and coatings, seal- 
ants, adhesives, epoxy resins, rub- 
bers and detergents. 


FIGURE 2. Internal gear pumps (left) have two interlocking gears of differ- 
ent sizes. The key components are shown in the figure at the right 


Some products, however, can 
cause major damage to pumping 
technology. One such substance 
is asphalt, which can range from a 
solid to a liquid, depending on the 
temperature, and has several fluid 
characteristics. Asphalt also comes 
in several variations, which include 
hot-mix asphalt, emulsified asphalt 
and filled asphalt. 

Hot-mix asphalt can vary in viscos- 
ity based on temperature and con- 
tains a blend of high-quality aggre- 
gates, polymers and liquid asphalt 
cement. Emulsified asphalt is made 
from a mixture of asphalt cement, 
water and a surfactant (emulsifying 
agent), which makes it susceptible 
to shearing. Filed asphalt is highly 
abrasive because it contains lime- 
stone and other particles at concen- 
trations of 60 to 7096. 

While many pumps would fail at 
handling asphalt and its variations, 
gear pumps have a robust nature 
and appropriate internal  clear- 
ances that aid in processing it. Gear 
pumps, though, require a break-in 
period to handle asphalt. After that, 
gear pumps can handle asphalt 
without damaging its components. 


Robust by design 

When it comes to highly corrosive 
fluids, many operators turn to inter- 
nal gear pumps because they can be 
constructed to better handle them. 
Their design already provides an ad- 


pumps can be designed 
using composites or al- 
loys that allow them to 
process corrosive liquids, 
Such as sulfuric acid and sodium hy- 
droxide. Carbon steel is another op- 
tion that provides the proper strength 
to handle aggressive liquids. 

Another option to reduce costs, 
but not sacrifice performance is duc- 
tile iron. Using this material in gear 
pumps provides the same perfor- 
mance as steel without the costs 
associated with it. This is especially 
helpful when costs are a concern 
and an operator requires larger gear 
pumps for their application. 


Steady flow 

Gear pumps thrive under varying 
flowrates (Figure 4), allowing opera- 
tors to place them in multiple ap- 
plications with different demands. 
While some pumps need higher 
pressures for proper functionality or 
back pressure to avoid flow insta- 
bility, gear pumps can function well 
under different flow conditions. 

Gear pumps are designed to han- 
dle the same repeatable displace- 
ment regardless of the pressure. 
Mechanical volume displacement 
provides a much more repeatable 
fluid movement through the pressure 
range, providing operators with ac- 
curate flow control. 

Being able to operate at varying 
flows means gear pumps do not suf- 
fer from the perils of constant high- 
flow pressures. Operators can push 
high flows and scale them back, de- 


EnviroGear 


FIGURE 3. This breakaway diagram shows the components of an internal gear pump 
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Flowrate versus pump speed 
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FIGURE 4. Gear pumps deliver a linear flowrate 
with speed over a wide range of pressure 
pending on the application. The flow 
variation means gear pumps will not 
be susceptible to accelerated wear- 
and-tear on the pump internals from 
consistent high flows. The varying 
flows will allow the gear pump to 
have better longevity. 


Temperatures can vary 

Being able to handle a wide temper- 
ature range is imperative to pump- 
ing technology if an operator needs 
it for a variety of applications with 
different internal and external condi- 
tions. Gear pumps perform excep- 
tionally well in nearly all temperature 
conditions due to having a wide 
range of tolerances. 

Gear pumps can successfully 
operate in temperatures as low as 
—112?F (-80°C) and process fluids 
with temperatures as high as 800°F 
(425°C). Having this type of flex- 
ibility allows gear pumps to accept 
several liquids of varying tempera- 
tures — from soaps and surfactants 
to asphalts and adhesives — while 
also operating in environments with 
extreme weather fluctuations. That 
means that gear pumps can oper- 
ate just as effectively with these flu- 
ids in the northern-most regions of 
Canada to the equator regions of 
South America. 


EnviroGear 


FIGURE 5. Gear pumps can be jacketed to 
maintain the temperature in applications such as 
asphalt handling 


2,000 


Additionally, gear pumps are de- 
signed to accept jacketing (Figure 5) 
across most of their surface area, a 
key feature that allows this technol- 
ogy to retain heat for substances that 
require it, such as asphalt. Operators 
can jacket up to 70-80% of the gear 
pump’s surface area, allowing the 
apparatus to retain heat effectively. 
This means most of the gear pumps 
will keep hot liquids at the proper 
temperature without the risk of sol- 
ids forming due to cold spots. 


Possibilities with all viscosities 
Some pump technologies are lim- 
ited when it comes to the thick- 
ness or thin nature of the fluid. Gear 
pumps, however, can process a 
vast range of fluid viscosities. The 
interlocking gears can accept flu- 
ids as low as 1 centipoise (cP) or as 
high as 1,000,000 cP. 

This dynamic range gives opera- 
tors with gear pumps the ability to 
run several different fluids through 
them without incident. That means 
operators do not have to outfit a 


plant with several different pumping 
technologies for varying fluid proper- 
ties. They can rely on gear pumps to 
reliably and efficiently handle several 
different viscosities. EH 
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Feature Report 


Part 2 


Pump Seals to 
Manage Water 


Paying attention to the seal design used in centrifugal pumps can help in water 


management. This article uses the beverage industry to illustrate this point 


Heinz Bloch 
Process Machinery Consulting 


conomic survival in a cli- 
mate where industry com- 
petition and environmen- 
tal concerns converge is 
not easy. However, protecting the 
planet is becoming an ethical im- 
perative for reasonable people. It is 
— or should be — matched only by 
an acute sense of self-preservation. 
It gives us pleasure when we see 
these priorities beginning to line up 
nicely with legitimate and logical 
commercial interests. Commercial 
interests can rightly be summarized 
as low-cost production and high 
equipment reliability, That said, this 
article introduces the reader to fac- 
tual details, proven achievements, 
and realistic goals as they pertain to 
the beverage industry. 


Sustainability targets 

In the beverage industry, targets are 
typically expressed as water-use 
ratio, or liters of water consumed 
per liter of beverage produced. Sin- 
gling out the beer brewing industry, 
an entity fittingly using the acronym 
BIER (Beer Industry Environmental 
Roundtable) published benchmark- 
ing studies that show a steady im- 
provement from 2013 to 2017 with 
the water-use ratio from 2.76 L/L 
(0.73 gal/gal) to 2.53 L/L (0.67 gal/ 
gal) — an improvement of 8.396. 

In the beer-brewing segment of 
the beverage industry, the water-use 
ratio declined from 3.68 L/L (0.98 
gal/gal) in 2017 to 3.35L/L (0.89 gal/ 
gal) in 2018. This represents a wel- 
come 996 reduction. However, many 
of today's brewers have more ambi- 
tious targets and are reaching these 


by paying attention to pump-seal 
water-management matters. 


Upgrade options 

Modern breweries operate dozens 
of centrifugal pumps; these move 
liquids ranging from light slurries to 
ultra-clean final products. In the final 
products, even trace contaminants 
(solids) would be objectionable and 
proper sealing is important. 

One of many possible mechani- 
cal seal configurations is generally 
used to seal between the pump 
casing and the rotating shaft. Such 
seals work by having two very flat 
surfaces, one connected to the 
rotating shaft, and the other con- 
nected to the stationary casing. 
Spring pressure is applied to one of 
the two faces, and pumpage cannot 
escape with the pump stopped and 
the seal faces contacting. When the 
pump rotates, the faces open about 
one micron, a gap approximately 
fifty times smaller than the diameter 
of a human hair. A miniscule vol- 
ume of flush passes between the 
faces, thereby providing both lubri- 
cation and heat removal. For years, 
relatively low-cost mechanical seals 
similar to Figure 1 were used with 
water as the flush liquid. 

In the decades 


these we find the typical mechani- 
cal seal in Figure 1. Here, seal flush 
water can be connected to the top 
of the outer port. This water would 
contact the inside of a mechanical 
seal assembly and then exit from a 
diagonally opposite port to drain. 
If the user opted to connect flush 
water to the larger of the two flush 
ports, the flush liquid would mingle 
with the liquid contained between 
the impeller and taper-bored pump 
back plate. It would thus dilute 
the pumpage and, in many cases, 
would later have to be removed by 
evaporative means. Vacuum dehy- 
dration or evaporation (or both) by 
applying heat are among the avail- 
able means of water removal, but 
both contribute to a facility's operat- 
ing expenses and wasted water, a 
valuable resource. 

Usage figures tell the story. Sup- 
pose a user passes cool clean 
water through the smaller of the 
two flush entry ports and releases 
it to drain. In the brewing indus- 
try, this water flow is set to around 
5.7 L/min (1.52 gal/min) per pump, 
which equates to about 3 million L 
(~800,000 gal) per pump per year. 
But suppose the user would be 
shown a well-proven way of elimi- 


since 1970, in- 
dustry has ap- 
plied the tried and 
tested seal con- 
figurations and 
seal flush applica- 
tions described 
in the standards 
of the American 
Petroleum Insti- 
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FIGURE 1. A typical mechanical seal 
with two traditional flush ports is 
shown here 


tute (API). Among 
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FIGURE 2. A self-contained (closed loop) seal water-management system is shown here (Source: AES- 


SEAL, Inc., Rotherham, UK, and Knoxville, Tenn.) 


nating 5.7 L/min (1.52 gal/min) of 
water use from 25 pumps. The user 
would thereby reduce water con- 
sumption by 74.9 million L/yr (~20 
million gal/yr). 

We had taken the average brew- 
ery’s numbers 740,812,000,000 L 
of water used and 221 ,106,000,000 
L of beer produced from the BIER 
2018 Benchmarking Study. The 
water-use ratio thus equaled 3.35. 
Accordingly, the new water-use 
ratio of 3.03 L/L translates into a 
reduction of 1096. 


Water management systems 

More recently, these reductions have 
been well documented [7]. The un- 
economic ways of seal flushing de- 


Scribed earlier are being superseded 
by the water management system 
shown in Figure 2. 

This is a closed-loop system that 
recirculates the water in the mechani- 
cal seal. The system is pressurized 
by the plant's water supply, ensuring 
that product remains in the pump. A 
flow indication instrument monitors 
System condition and readily detects 
leakage. Water management sys- 
tems all but eliminate any significant 
consumption of seal water. 

The vessel shown in Figure 2 is 
designed with a quick-release clamp 
allowing the bottom section of the 
tank to be removed for inspection 
and cleaning. Experienced manufac- 
turers offer materials that are consid- 


ered safe for use in food production. 


Cost and potential ROI 
Industry data suggest the benefits of 
eliminating the flow of sealing water 
and treatment of wastewater. Using 
the numbers in this article for 25 typi- 
cal centrifugal pumps, yearly savings 
of $113,000 will be realized. The sim- 
ple payback (return on investment; 
ROI) on this application will be less 
than 12 months in addition to gaining 
a 1096 reduction in water-use ratio. In 
essence, all parties — including the 
environment — will benefit from this 
proven sealing technology. E] 
Edited by Gerald Onarey 
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Critical Components in Regenerative 
Thermal Oxidizers: High-Cycle Valves 


When designing a regenerative thermal oxidizer, engineers should not overlook the 
high-cycle valves that control process air and help maintain efficiency 


Anu D. Vij 
Ship & Shore Environmental 


egenerative thermal oxi- 

dizers (RTOs) are regularly 

utilized in the chemical 

process industries (CPI) 
to collect and control air-pollution 
emissions generated from industrial 
manufacturing operations. RTOs 
are specially designed for controlling 
emissions of volatile organic com- 
pounds (VOCs) from a broad spec- 
trum of industries. An RTO uses ce- 
ramic media as the heat-exchanger 
medium, providing high heat recover- 
ies. For the last decade, a great deal 
of emphasis has been placed on the 
selection of the ceramic media and 
burners for RTOs, while some of the 
most critical components of RTO op- 
eration — high-cycle valves — have 
been overlooked. 

The purpose of high-cycle valves in 
an RTO is to provide tight shutoff of 
the process air to maintain destruc- 
tion and removal efficiency (DRE) and 
proper heat-exchanger operation for 
thermal energy recovery. High-cycle 
valves serve to regulate the flow of air 
and to isolate ducting and equipment 
for maintenance without interrupt- 
ing other connected units. Without 
this valve, the regenerative process 
is unattainable. 

High-cycle valve designs should 
consider the maximum system pres- 
sure, temperature changes and 
stresses imposed by the connecting 
ducting so as to prevent distortion 
and misalignment of the sealing sur- 
faces. The sealing surfaces should 
be of such material and design that 
the valve will supply a tight seal over 
a reasonable service period. Proper 
valve design is critical for high VOC 
destruction efficiency over a long 
equipment life. Cycling more than 
200,000 times per year, RTO high- 
cycle valves must operate reliably 
and must seal to less than 0.1% 
leakage at full system pressure. 


oxidizer (RTO) is equipped with high-cycle horizon- 
tal poppet valves 


High-cycle valve types 

Generally, two kinds of valves are 
used in RTOs. High-cycle valves 
are connected directly to the RTO's 
heat-exchanger canisters, directing 
the flow of process air into and out 
of the canisters, which need to open 
and close every few minutes (typi- 
cally 1 to 3 minutes) on a continuous 
basis. Most other valves associated 
with RTOs are called low-cycle valves 
due to their lower cycling frequency. 
Examples of low-cycle valves include 
isolation and diverter valves. 

This article focuses exclusively on 
high-cycle valves, which are critical 
to the overall performance of an RTO 
— namely to achieving high destruc- 
tion efficiencies. Figure 1 depicts 
a typical two-canister oxidizer with 
high-cycle horizontal poppet valves. 

RTO designs can be classified 
into three categories: single-canister, 
odd-canister and even-canister de- 
signs. The style of high-cycle valve 
used is determined by the canister 
design. Some commonly available 
high-cycle valve designs used in 
RTOs include the following: 

e Butterfly valves (including sin- 
gle-blade, dual-blade and dual- 
seat valves) 


e Poppet valves (including single- 

poppet, dual-poppet and four-way 

poppet valves) 

e  Single-canister rotary valve 

e Two-canister, high-cycle, rotat- 

ing-flow reversal indexing valve 
Other important issues to con- 

sider when selecting high-cycle 

valves for RTO applications include 

the following: 

e Valve seat material — options 

include metal-to-metal seats or 

ceramic (soft) 

e Valve actuation mode — op- 

tions include hydraulic, pneumatic 

or electric 

e Maximum allowable leakage rate 

— typically O to 0.25% 

e Materials of construction 

e Resistance to condensable or- 

ganics and other particulate matter 


High-cycle butterfly valves 
High-cycle butterfly valves (Fig- 
ure 2) have been used in RTOs for 
more than 40 years. Consisting of a 
heavy-gauge flat plate inserted into 
a gas stream, the high-cycle valve 
plate is rotated by means of a motor 
(actuator) and linkage to control the 
gas-stream flow. When the valve is in 
the fully open position, the flat plate 
is aligned with the direction of gas 
flow and, therefore, provides very 
little flow restriction. 

Butterfly valves occupy less space 
than any other valve style and have 
broad versatility due to the virtue 
of their design. They are relatively 
tight-sealing when proper torque is 
applied. They offer a simple and reli- 
able means of gas control for both 
modulating and on-off applications. 

To actuate (for opening or clos- 
ing), butterfly valves employ a cen- 
ter-mounted rotating disc (or discs 
that typically rotate 90 deg.) The 
solid rotating disc, which is generally 
round, must resist thermal and me- 
chanical deformations. The type and 
size of the valve dictates the torque 
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requirements and, by extension, the 
actuation requirements. For example, 
beyond a certain torque, pneumatic 
actuators become less desirable than 
hydraulic dampers due to their size. 

Butterfly valves used in regenera- 
tive thermal oxidizers typically are the 
on-off type with two design variations. 

The single-blade valve is the most 
common type. It consists of a single 
solid disc (or blade) that seats against 
a metal or a compressible-bulb 
(ceramic) seal. 

The double-blade valve is used 
when zero leakage is required, usu- 
ally in applications where very high 
destruction efficiencies are desired. 
Double-bladed dampers also are 
supplied with either a metal or a 
ceramic seat. 


High-cycle poppet valves 
Throughout the U.S. and in Eu- 
rope, poppet valves have been 
used for over 25 years in two- and 
multi-canister RTOs. They consist 
of a flat circular plate that is raised 
or lowered typically by an electrical 
or pneumatic actuator. When the 
flat plate is in the closed position, 
it provides a gas seal by pressing 
against a raised circular seat. Gas 
attempting to pass through the oyl- 
inder is blocked. When the valve 
disk moves laterally, there are 12 to 
24 in. between its open and closed 
position. Note that poppet valves are 
used for on-off control only — they 
are not appropriate for modulating 
applications (Figure 3). 

Poppet valves were initially devel- 
oped for service in fabric filter systems 
or baghouses, and later successfully 
applied to RTOs. Fabric filter systems 
require two-way service with poppets 
either open or closed. System-outlet 
poppets are single-disc, low-leak 
models. System bypass poppets are 
leak-free, and employ a double blade 
and seat with seal air. These valves 
range from 20 to 60 in. in diameter for 
industrial baghouses and 48 to over 
96 in. in diameter for power-genera- 
tion baghouses. 

Poppets for RTO service are more 
complex in that they seal multiple gas 
paths while diverting gas in different 
directions. RTO systems designed 
with two-way poppets should have 
one inlet and one outlet damper, 
providing fail-safe conditions during 
power outages and upset operating 


um 


FIGURE 2. High-cycle butterfly valves used in RTOs 
will employ a flat valve plate that is mechanically 
rotated to control gas flow 


conditions. RTO poppet valves of 
this type are driven pneumatically or 
electrically for high-cycle service and 
low-leakage isolation. Pneumatics 
or electric drive systems supply the 
most reliable type of drive movement 
for service where 200,000 cycles 
per year are expected. Poppets of 
this type operate best when oriented 
vertically. They are also available with 
zero-leak blades and seats. 

Poppet valves with three-way and 
four-way configurations have also 
been used in RTO systems. A three- 
way poppet has one inlet and two 
outlets. It cycles between two seats, 
diverting flow through one while 
Sealing the other and vice versa. A 
four-way poppet has two inlets and 
two outlets, and is typically used in 
compact RTO systems. 


Single-canister rotary valves 

The single-canister rotary valve de- 
sign eliminates the need for separate 
inlet, outlet and 
purge valves by 
replacing them 
with a single 
large valve. 
Rotary valve 
designs have 
been applied 
to RTOs for 
over 20 years. 
The sequence 
of the multiple- 
valve bed func- 
tion as an inlet, 
outlet or purge 
is achieved by 
the rotation 
of this single 
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valve. This valve is located below the 
heat recovery chambers and is either 
electrically or hydraulically driven. 
The rotation of the valve, or the flow 
distributor, continuously controls 
the airflow from the inlet plenum to 
one-half of the heat exchange media 
through the combustion retention 
chamber, through the other half of 
the heat exchange media, and then 
out through the outlet plenum. 

The oylindrical canister holds 12 
pie-shaped heat-recovery cham- 
bers. The air is cycled through six 
inlet chambers for preheating and 
through six outlet chambers for re- 
heating the heat exchanger bed be- 
fore exiting. Before chambers switch 
from inlet to outlet flow, they are 
purged of any residual unoxidized 
gas. Between each set of heat- 
recovery chambers, there are two 
additional chambers. One of these 
chambers is closed off while the 
second is used to purge. This purg- 
ing ensures minimal VOC spikes and 
maximizes destruction efficiency. 

The single valve moves at several 
minutes per rotation and ensures a 
smooth transition from inlet-to-purge 
to outlet-to-purge. This reduces up- 
stream pressure fluctuations, which 
are more typical with traditional 
individual-canister RTO designs. 
The single valve, in some instances, 
depending on the type of traditional 
valve-drive system, requires less 
maintenance compared to the mul- 
tiple-valve RTO system. 

However, a single-canister rotary 
valve utilizes a machined metal-to- 
metal surface (sealed air-floating 
rings are used to minimize metal-to- 
metal contact) to achieve tight seal- 


FIGURE 3. High-cycle poppet valve systems are designed for on-off control, 


rather than modulating applications 


po 


FIGURE 4. A flow-reversal indexing valve provides 
a zero-leakage design that utilizes a high-pressure 
air seal 


ing. This makes it more susceptible 
to wear and tear. This seating ar- 
rangement also makes the single- 
canister RTOs more susceptible to 
particulate contamination, resulting 
in lost performance over time due to 
inorganic particulate wearing on the 
machined metal-to-metal surfaces. 
Other problems, such as shaft bush- 
ing malfunction and metal deforma- 
tion due to high temperatures hitting 
the valve, have also been reported. 


Flow-reversal indexing valves 
The high-cycle poppet and single- 
canister rotary-valve system is made 
up of many moving parts. All of these 
reciprocating parts must be driven 
simultaneously during the valve 
shaft's 0.5- to 1.0-s linear seat-to- 
seat sudden start/stop valve move- 
ment. A simple wear-based failure of 
even one of these many pneumatic 
electro-mechanically driven parts, 
Such as a pneumatic cylinder seal 
failure or pneumatic component 
temperature freeze, can cause the 
entire system to malfunction. At 
worst, the entire RTO system goes 
down, or at a minimum, poppet 
seat leakage reduces VOC destruc- 
tion beyond the point of destruction 
compliance during its 200,000 valve 
cycles per year. 

Conversely, another valve type 
— high-cycle flow-reversal index- 
ing valves — can offer zero leakage 
in an assembly that has only one 
moving part. Each 90-deg index 
rotation of the shaft-interconnected 


flow diverter assembly reverses flow 
through the valve and interconnected 
RTO system. Simply put, each rota- 
tional valve movement (typically less 
than 0.5 s) reverses flow through 
the RTO. 

Indexing valve designs feature no 
VOC leakage seals and no stop- 
ping contact seats. Rather, they 
are sealed using high-pressure air, 
which is supplied by an integral 
compressor blower, whose clean 
air separates the inlet and exhaust 
sides of the valve (Figure 4). This 
valve requires no duct manifolds, as 
the valve is equipped with one duct- 
mounting flange on each of its four 
ports — a valve duct connection to 
the inlet port from the process; an 
exhaust port duct to the stack; a 
port duct to chamber 1; and a port 
duct to chamber 2. 

Indexing rotation is supplied by 
a single, intermittently operated 
electric- motor drive system that 
uses electrical power for 0.5 s per 
movement. It is preprogrammed for 
same-direction 90-deg indexing of 
the diverter assembly on contact 


closure command, which ensures 
that it always stops at its same pre- 
destinated position each time, even 
after a utility power failure. Electri- 
cally, all that is required by the end 
user is a momentary contact closure 
to initiate movement. If so desired, 
as an option, it can also be same- 
direction rotated using a single 
pneumatic cylinder. a 

Edited by Mary Page Bailey 


Author 


Anu D. Vij is chief operating offi- 
cer (COO) of Ship & Shore Envi- 
ronmental Inc. (2474 N. Palm 
Drive, Signal Hill, CA 90755; 
Phone: (562) 997-0233; Email: 
avij@shipandshore.com; Website: 
www.shipandshore.com). Vij has 
over twenty years of experience in 
the environmental, chemical, pet- 
rochemical and air-pollution-con- 
trol industries, and has specific expertise in thermal 
oxidation technologies. As COO at Ship & Shore, he 
oversees several business units, including sales, fi- 
nance, engineering, project management, procurement, 
production and services. Prior to joining Ship & Shore, 
Vij served as vice president, enclosed combustion sys- 
tems, at Aereon and was director of engineering at On- 
Quest Inc. Vij holds an M.S.Ch.E. from the University of 
Southern California and a B.S.Ch.E. from Panjab 
University in India. 


For details visit adlinks.chemengonline.com/80076-22 


CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM DECEMBER 2021 


Economic Indicators 


112 


2019 m 2020 s 2021 s 


Download the CEPCI two weeks sooner at www.chemengonline.com/pci 


CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI) 


(1957—59 = 100) 


CEIndex 


Equipment 


Heat exchangers & tanks 


Process machinery 


Pipe, valves & fittings 


Process instruments 


Pumps & compressors 


Electrical equipment 


Structural supports & misc. 


Construction labor 


Buildings 
Engineering & supervision 


Sept.'21 — Aug.'21 


Prelim. Final 
7547 735.2 
947.5 918.6 
813.2 784.8 
958.5 921.1 

1,330.9 1,304.7 
551.3 541.3 
1,180.5 1,148.8 
639.3 616.8 
1,038.9 1,000.4 
348.6 347.4 
772.0 767.5 
3114 310.2 


Sept.'20 


inal 
593.7 
717.2 
605.8 
717.9 
954.0 
422.1 

1,084.0 
565.0 
752.7 
337.6 
616.1 
311.8 


Starting in April 2007, several data series for labor and compressors were converted to accommodate series IDs discontinued by the 
U.S. Bureau of Labor Statistics (BLS). Starting in March 2018, the data series for chemical industry special machinery was replaced 
because the series was discontinued by BLS (see Chem. Eng., April 2018, p. 76-77.) 


CURRENT BUSINESS INDICATORS 


CPI output index (2017 = 100) 


CPI value of output, $ billions 


CPI operating rate, % 
Producer prices, industrial chemicals (1982 = 100) 


Industrial Production in Manufacturing (2017 =100)* 


Hourly earnings index, chemical & allied products (1992 = 100) 


Productivity index, chemicals & allied products (1992 = 100) 


CPI OUTPUT INDEX (2017 = 100) 


Annual Index: 
2013 = 567.3 
2014 = 576.1 
2015 = 556.8 
2016 = 541.7 


2017 = 567.5 
2018 = 603.1 
2019 = 607.5 
2020 = 596.2 


LATEST 
Oct.'21 = 985 Sept. '21 
Sept.'21 = 2,005.4 Aug. '21 
Oct.'21 = 785 Sept. '21 
Oct.'21 = 335.4 Sept. '21 
Oct.'21 = 998 Sept. '21 
Oct.'21 = 195.9 Sept. '21 
Oct.'21 = 95.4 Sept. '21 


CPI OUTPUT VALUE į siLLioNs) 


950 


J FMAM J J A S ON D 


PREVIOUS YEAR AGO 
97.3 Aug.'21 = 98.3 Oct'20 = 93.9 
1,984.9 Jul.'21 = 1,966.0  Sept'20 = 1,672.2 
77.6 Aug.'21 = 784 Oct.'20 = 746 
345.2 Aug.'21 = 331.0 Oct.'20 = 227.7 
98.6 Aug.'21 = 99.3 Oct.'20 = 95.6 
198.3 Aug.'21 = 193.6 Oct.'20 = 188.6 
94.4 Aug.'21 = 356.0 Oct.'20 = 904 


CPI OPERATING RATE co 


110 2300 80 
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95 70 
1800 
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80 1600 es 
75 1500 55 
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*Due to discontinuance, the Index of Industrial Activity has been replaced by the Industrial Production in Manufacturing index from the U.S. Federal Reserve Board. 
tFor the current month's CPI output index values, the base year was changed from 2012 to 2017 
Current business indicators provided by Global Insight, Inc., Lexington, Mass. 
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CURRENT TRENDS 


he preliminary value for the CE Plant 

Cost Index (CEPCI; top) for Sep- 
tember 2021 (most recent available) 
continues the streak of rapid monthly 
increases observed since the begin- 
ning of the year. The Index topped 750, 
after beginning the year at around 600. 
In September, all four major subindices 
(Equipment, Construction Labor, Build- 
ings and Engineering & Supervision) saw 
upticks, with the Equipment subindex 
showing the largest gain. The current 
CEPCI value is 27.196 higher than the 
corresponding value from September 
2020. Meanwhile, the Current Business 
Indicators (middle) show rises in the CPI 
Output Index and the CPI Operating 
Rate for October 2021, and a rise in the 
CPI Value of Output for September. 
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